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Abstract

The Spokane River regularly violates water quality standards for zinc. Standards for lead and
cadmium are also exceeded frequently, especially at higher flows. A procedure for
determining Waste Load Allocations (WLAs) for all NPDES point source discharges to the
Spokane River was developed based on meeting aquatic life criteria in the effluent. Permit
limits for NPDES dischargers will be developed in the future for each individual discharger
under Ecology’s current schedule for permit cycles. Effluent limits for cadmium, lead, and
zinc will be determined by comparing existing concentrations of metals in effluent, where
adequate data exist, with the water quality criteria associated with the effluent hardness.
Whichever results in the lower permit limits will be chosen.

This method should not result in any unreasonable compliance issues and minimizes the
addition of metals to a system that is already exceeding the criteria. It is also an alternative to
developing very stringent water quality-based effluent limits that are severely restricted due to
excessive upstream and out-of-state metal sources. This approach is consistent with the intent
of the anti-degradation policy of the federal Clean Water Act and the policy enunciated in the
Washington State Water Pollution Control Act (RCW 90.48) requiring “... all known available
and reasonable methods by industries and others to prevent and control the pollution of the
waters of the state ...(AKART)”.

Waste Load Allocations are established as a maximum discharge concentration (micrograms
per liter) rather than a discharge loading (pounds per day). The federal Clean Water Act
allows for the use of allocations in mass per time or other appropriate measure. In this case, a
concentration measure is appropriate, because the relationship between the effluent-based
criterion and receiving water quality holds for all effluent and river flow rates.

The Spokane River at the state line is the upstream boundary for the present Total Maximum
Daily Load (TMDL) in Washington. The proposed TMDL and analysis to address point
source discharges and other sources of metals in the Spokane River requires that the Spokane
River will meet Washington state’s water quality standards, at a point where the river enters
Washington State, within a reasonable period of time. The ultimate success and
appropriateness of this TMDL/WLA depends solely on whether the Idaho Department of
Environmental Quality or EPA develops and implements an adequate TMDL/WLA and
management plan that will result in meeting Washington’s water quality standards at the
upstream end of the Spokane River.
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Introduction

Objective

The Spokane River regularly has elevated levels of zinc, and frequently has elevated levels of
lead and cadmium. The river does not meet water quality standards for these metals. The
Washington State Department of Ecology, Idaho’s Division of Environmental Quality (IDEQ),
and the U. S. Environmental Protection Agency (EPA) are evaluating regulatory actions to
address this issue. The various entities that are permitted under NPDES to discharge to the
Spokane River have also been active in proposing approaches to regulate water quality in the
Spokane River.

The objective of this report is to propose an approach for regulating point source dischargers in
Washington under a Total Maximum Daily Load (TMDL), instead of developing unreasonably
stringent water quality-based effluent limits on a case-by-case basis when upstream
concentrations of metals already exceed criteria. At the same time, Idaho and EPA are
developing a TMDL to control pollution sources in Idaho. One of the necessary objectives of
the Idaho and EPA TMDLs is to meet Washington’s water quality criteria in the Spokane
River. This TMDL by Ecology addresses NPDES discharges in Washington, and uses an
approach that will preferably be similar to EPA’s proposed regulation of NPDES dischargers
in Idaho.

Spokane River Dischargers and Hydrology

The source of the Spokane River is Lake Coeur d’Alene located in Idaho (Figure 1). The river
flows in a westerly direction from Lake Coeur d’Alene, across the state line, to the city of
Spokane. From Spokane, the river flows in a northwesterly direction to its confluence with the
Columbia River. In Idaho, the following wastewater treatment plants (in order proceeding
downstream from the river source) are permitted to discharge to the river:

e City of Coeur d’Alene Advanced Wastewater Treatment Plant (AWTP)
o Hayden Area Regional Sewer Board (HARSB) Publicly-owned Treatment Works (POTW)
e City of Post Falls POTW (also serves the City of Rathdrum)

Continuing downstream, the dischargers in Washington are as follows:

e Liberty Lake POTW

e Kaiser Aluminum Industrial Wastewater Treatment Plant IWTP)
e Inland Empire Paper Company IWTP

e City of Spokane AWTP
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The current and projected effluent design flows from the NPDES dischargers are presented in
Table 1 (SRDG, 1997).

Substantial inflows of groundwater enter the river beginning downstream from the Liberty
Lake outfall. The groundwater inflows significantly increase the river flow rate, especially
when surface water flows are low. Table 2 presents the equations used to estimate the aquifer
inflow and outflow to the river based on the compilation of data used for the phosphorus
attenuation model of the basin (Patmont er al., 1985; Patmont er al., 1987).

Aquifer inflows and outflows were assumed to be correlated to river flows up to a flow of
4,000 cfs from Lake Coeur d’Alene based on the evaluations by Patmont et al. The total net *
aquifer inflows range between about 500 to 800 cfs depending on river flow. For comparison,
the combined effluent flow from all current NPDES dischargers is about 128 cfs. The lowest
7-day average flow with a 10-year recurrence for the Spokane River at the upstream end near
Post Falls (river mile 100.7) is approximately 187 cfs; the highest 7-day average flow with a

'10-year recurrence is approximately 36,000 cfs; and the annual average flow is approximately

6,300 cfs.

A recent groundwater modeling study by CH2M-Hill suggests that aquifer exchange may be
less than previous estimates (CH2M-Hill, 1998). However, the results of the CH2M-Hill
study were not used for this study because their reach definitions were not as detailed, and
their findings are still under review. Also, if future review of the aquifer exchange rates
results in confirmation of CH2M-Hill estimates, then the recommended effluent limits to meet
criteria for cadmium, lead, and zinc will not change because the concentrations of metals in the
aquifer are much lower than water quality standards, and therefore the recommended effluent
limits do not depend on the aquifer exchange rates. However, for future evaluations of limits
for other constituents that are a function of available dilution (e.g. ammonia), it may be
preferable to use the revised aquifer exchange rates by CH2M-Hill.

TMDL Boundaries

Cadmium, lead, and zinc concentrations in the Spokane River at the state line often exceed
water quality standards. The Bunker Hill Superfund site is the largest source to discharge
heavy metals in the Idaho sub-basin (IDEQ, 1998). More than a century of deep-shaft mining
activities for sulfide-based heavy metals has elevated levels of cadmium, lead, arsenic, and
zinc in the South Fork Coeur d’Alene River, which discharges into Lake Coeur d’Alene.
Although measures have been taken to dramatically reduce loading to the South Fork, existing
concentrations of some metals are still above those in most surface waters of the nation.

IDEQ is currently developing a TMDL for metals and is initiating projects to further reduce
metals loads to the South Fork. That TMDL also must have the objective of eventually
meeting Washington’s water quality standards in the Spokane River. The EPA is working
closely with the IDEQ to ensure that progress in reducing loads of metals continues in Idaho.
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Ecology is also monitoring the trend in water quality at the state line to detect expected
decreases in metals concentrations.

The outlet of Lake Coeur d’Alene is a logical upstream boundary for a separate TMDL
analysis to address point source discharges and other sources of metals in the Spokane River,
provided that IDEQ develops an adequate TMDL and management plan to meet Washington’s
water quality standards at the border. However, delays in TMDL development in Idaho have
caused Washington State to proceed with a TMDL/WLA which begins with the upstream reach
of the Spokane River beginning at the Idaho-Washington state line, and the downstream
boundary located below the outfall for the City of Spokane’s AWTP. Spokane is the most
downstream NPDES discharger, and is therefore considered to be the most downstream
potential contributor of significant concentrations of cadmium, lead, and zinc.

Data Analysis and Modeling

Water Quality Criteria for Cadmium, Lead, and Zinc

Water quality criteria to protect aquatic life (established in WAC 173-201A-040) apply to the

dissolved fraction for cadmium, lead, and zinc and are calculated with the following equations
for chronic (4-day average concentration in micrograms per liter not to be exceeded more than
once every three years) and acute (one-hour average concentration in micrograms per liter not

to be exceeded more than once every three years based on hardness in milligrams per liter as
CaCQO,):

Dissolved Cadmium

Chronic < (1.101672-((LN(hardness))*(0.041838)))*EXP(0.7852*(LN(hardness))-3.49)
Acute < (1.136672-((LN(hardness))*(0.041838)))*EXP(1.128*(LN(hardness))-3.828)

Dissolved Lead

Chronic < (1.46203-((LN(hardness))*(0.145712)))*EXP(1.273*(LN(hardness))-4.705)
Acute < (1.46203-((LN(hardness))*(0.145712))y*EXP(1.273*(LN(hardness))-1.46)

Dissolved Zinc

Chronic < 0.986*EXP(0.8473*(LN(hardness))+0.7614)
Acute < 0.978*EXP 0.8473*(LN(hardness))+0.8604)
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Figures 2 and 3 depict two hypothetical waters in relation to the water quality criterion curve
for cadmium, lead and zinc. If one were to mix the two waters, the resulting mixed
concentration of metals and hardness would always fall on a straight line between the two
points. Assuming Point A is the Spokane River, meeting the water quality criteria as it exits
Lake Coeur d’Alene, a discharge (Point B) at or below the effluent-based criterion would
result in a mixture that falls below the criterion curve. Because of the concave shape (bending
downward) of the cadmium and zinc criteria curves, any combination of cadmium, zinc, and
hardness for the discharge that falls below the curve will mix with river water (A) to form a
mixture that also falls below the curve. Therefore, in this situation, the effluent-based
criterion approach is protective of state water quality standards.

However, for lead, the criterion curve is convex, or bending upward, leaving open the
possibility that a mixture could exceed the criterion even when the waters individually fall
below the criterion (a straight line between two points on the criterion curve will fall above the
curve). If discharges do not exceed the lead concentration on the tangent line associated with
the effluent hardness, the lead criterion will not be exceeded in the mixture of effluent and
river water (Figure 3 and Appendix A). This approach is recommended to assure that limits
are protective of state water quality standards.

If other sources of water with greater hardness than the river are also added to the mixture, for
example groundwater or tributaries, then the resulting mixture including these multiple sources
would also meet the criteria provided that no single source exceeds the criteria for cadmium or
zinc, or exceeds the tangent line for lead. If the effluent concentrations of metals are below
aquatic life criteria, then the metal toxicity in the river below the outfall is reduced by the
hardness affect, which allows the river to either be closer to meeting the water quality standard
or creates a small safety buffer.

Effluent Data

Typical effluent data are presented in Appendix B. The Spokane River Dischargers Group
(SRDG) is currently collecting samples to characterize effluent quality. Appendix B presents
preliminary results from the November-December 1997 sampling, as well as sampling by the
City of Spokane AWTP from July 1996 through April 1998. All samples of effiuent from all
dischargers have been found to meet the chronic aquatic life criteria for cadmium, lead, and
zinc at the effluent hardness. Effluent lead has also been consistently below the tangent
equation for lead shown in Figure 3.

River Modeling

A mass-balance model of the Spokane River was developed to evaluate the effect of different
effluent loading on metals and hardness. The model includes a flow balance that accounts for
inflow of water from the outlet of Lake Coeur d’Alene, inflow from NPDES dischargers, and
inflow/outflow from the aquifer and Hangman Creek. The model divides the river into reaches

Page 4




as shown in Table 2. For each reach, the flow balance is calculated from the following
equation:

Qdown = Qup + andcs + Qaquifer

where:

Quown = flow at the downstream end of the reach (cfs)

Q,, = flow at the upstream end of the reach (cfs)

Qupees = flow from NPDES dischargers (Table 1) (cfs)

Q.quirer = flow from or to the aquifer or tributary (Table 2) (cfs)

The mass balance for hardness was calculated from the following equation:

Hdown = [Qup Hup + andes andcs + Qaquifer Haquifcr ] / Qdown

where:

Hyown = hardness (mg/L as CaCQ,) at the downstream end of the reach
H,, = hardness at the upstream end (assumed to be H,,,, from previous reach)
H, s = hardness of NPDES effluent
H, i = hardness of aquifer (if aquifer inflow) or H,, (if aquifer outflow)
For metals, the mass balance was as follows:

Mdis,down = 1::(lownl-. Qup erec.up + andes Mu'ec’npds + Qaquif:r Mtrec’aquifer] / Qdown

where:

Mg gown = dissolved metals (ug/L) at the downstream end of the reach

Fiwn = fraction of dissolved/total recoverable metals at downstream end of reach
M.y = total recoverable metals at upstream end of reach (=M goun / Fuown from

previous reach)
M, opaes = total recoverable metals of NPDES effluent

Mirec.aquirer = total recoverable metals of aquifer (if aquifer inflow) or My, (if aquifer

outflow)

The fraction of dissolved/total recoverable metals was estimated to equal the conversion factor
used to convert the total recoverable criteria to the dissolved criteria (EPA, 1996). It was not
considered necessary to use site-specific ratios of dissolved/total recoverable metals because

the conversion factors generally represent a worse-case scenario of higher fractions of

dissolved metals, and the use of site-specific ratios was not expected to result in different
conclusions provided that all sources meet water quality criteria at their respective hardness.
Aquifer inflow of total recoverable metals to the river was assumed to equal the dissolved

metals concentration estimated during model calibration.
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Model Calibration

Calibration of the model to actual conditions in the river involved estimation of aquifer
hardness and metals to match observed concentrations in the river. All other inputs in the flow
and mass balance equations were directly estimated from available data:

The effluent flow rates were assumed to be the current flows presented in Table 1.
Aquifer inflow/outflow rates were estimated as presented in Table 2.

Outflow from Lake Coeur d’Alene was assumed to be various values between the normal
range of 300 to 20,000 cfs.

Effluent hardness was assumed to be approximately 145 mg/L as CaCO, based on the 10®
percentile hardness for the Spokane AWTP (CH2M-Hill, 1997). Effluent hardness from
Kaiser IWTP was assumed to be a lower value of 120 mg/L as CaCO; based on the
mixture of river and groundwater used for the production process.

Effluent total recoverable cadmium, lead, and zinc were assumed to be approximate
maximum values reported by the SRDG (0.3 ug/L cadmium, 2.5 ug/L lead, and
100 ug/L zinc).

The ratio of dissolved/total recoverable metals was assumed to equal the conversion factor
for the chronic criteria evaluated at the hardness of the river water. The effluent was
assumed to partition at the same ratio of dissolved/total recoverable metals as the river at
the mixing zone boundaries and after completely mixing with river water.

The hardness for the outflow from Lake Coeur d’Alene was assumed to be 20 mg/L as
CaCO,. This represents the seasonal 10" percentiles for the low flow (July-February) and
high flow (March-June) seasons (Pelletier, 1994), and also the 5® percentile of hardness
from all seasons. Hardness was not found to be correlated with flow at the upstream end
of the Spokane River (Appendix C).

The hardness at river mile 85.3 and 66 was assumed to equal the 10% prediction limits
from the regression equations with flow presented in Appendix C.

The dissolved cadmium, lead, and zinc in the outiet of Lake Coeur d’Alene was assumed to
equal the upper 90% prediction limit from the regression equations with flow presented in
Appendix C for river mile 96-100.7.

The dissolved cadmium, lead, and zinc at river mile 63.5-69.9 was assumed to equal the
upper 90% prediction limit from the regression equations with flow presented in
Appendix C.
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Relationships between hardness, metals, and flow are known at various locations in the
Spokane River based on long-term ambient monitoring data (Appendix C). The model was
calibrated for hardness by starting with the known upstream hardness and trying various values
for groundwater hardness until the mass balance model predicted the observed downstream
hardness. After the hardness was calibrated, the same approach was used to estimate the
dissolved cadmium, lead, and zinc of the aquifer/tributary inflow. Appendix C presents the
results of model calibration of aquifer hardness and metals.

Model Application to Various Scenarios of Effluent and River
Flows

The calibrated mass balance model was next used to estimate concentrations of metals in the
river for a variety of river flows and effluent flows (Appendix D). The model was used to
evaluate whether water quality standards would be violated in the river if the effluent meets
end-of-pipe limits based on effluent hardness. The following assumptions were made:

e The hardness for the outflow from Lake Coeur d’Alene was assumed to equal 20 mg/L as
CaCo,.

e The dissolved cadmium, lead, and zinc in the outlet of Lake Coeur d’Alene were assumed
to equal the chronic criteria for protection of aquatic life at the hardness of the river.

o The dissolved cadmium and zinc in the effluent from NPDES dischargers were assumed to
equal the chronic criteria for protection of aquatic life for the hardness of the effluent
(Figure 2).

e The ratio of dissolved/total recoverable cadmium and zinc was assumed to equal the
conversion factor for the chronic criteria evaluated at the hardness of the effluent or river
water. The ratio of dissolved/total recoverable metals in the effluent was used to test
whether criteria were met in the effluent. The effluent was assumed to partition at the
same ratio of dissolved/total recoverable metals as the river at the mixing zone boundaries
and after completely mixing with river water.

e For lead, the convex shape of the criterion curve precludes the use of the conversion factor
as a default translators to a total recoverable lead limit. Appendix E presents a spreadsheet
illustrating the problem. Two hypothetical waters are mixed, and total recoverable lead is
tracked. The use of the default translation causes the effluent to exceed the water quality
criterion at certain dilutions. Therefore, the total recoverable lead in the effluent from
NPDES dischargers was assumed to equal the value predicted from the tangent line for the
chronic criteria for total recoverable lead shown in Figure 3. Appendix E presents a
comparison of alternative methods for estimating the WLA for total recoverable lead.

Aquifer inflow/outflow rates were estimated as presented in Table 2.
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e Effluent hardness and aquifer hardness, dissolved cadmium, lead, and zinc were as estimated
during calibration.

Various combinations of effluent and river flows were evaluated as follows:

e Current effluent flows combined with outlet flows from Lake Coeur d’Alene of 300, 2,000,
and 20,000 cfs.

e 20-year projected effluent flows combined with outlet flows from Lake Coeur d’Alene of
300, 2,000, and 20,000 cfs (this scenario was run for zinc only because the conclusions for
zinc were expected to be representative of cadmium and lead also).

e 50-year projected effluent flows combined with outlet flows from Lake Coeur d’Alene of
300, 2,000, and 20,000 cfs (this scenario was run for zinc only because the conclusions for
Zinc were expected to be representative of cadmium and lead also).

e 20-times current effluent flows combined with outlet flows from Lake Coeur d’Alene of 300,
2,000, and 20,000 cfs. This scenario was chosen to show the potential effect of extremely
high flow rates from NPDES dischargers.

The results of the model runs (Appendix D) show that the water quality standards for cadmium
and zinc would not be exceeded in the river if the effluent meets end-of-pipe limits based on
effluent hardness. The water quality criteria for lead would not be violated if the maximum
concentration of total recoverable lead in the effluent does not exceed the value predicted from
the tangent line for the equation for the chronic criteria for total recoverable lead shown in Figure
3. The relationship between effluent-based criteria and receiving water quality holds for all
river and effluent flow rates.

Proposed TMIDL Approach

Permit limits for all point source discharges to the Spokane River will be established by
comparing potential limits based on meeting aquatic life criteria at effluent hardness with
AKART limits based on maintaining existing concentrations of metals in effluent, where
adequate data exist. Whichever method results in lower limits will be selected for the permit.
AKART based limits would be reevaluated at each permit re-issuance. These limits may
change over time, but could never exceed the aquatic life criteria based limits. This method
should not result in any unreasonable compliance issues and minimizes the addition of metals
to a system already exceeding the criteria due to pollutant loading from an upstream state.
This is consistent with the intent of anti-degradation policy of-the federal Clean Water Act and
the policy enunciated in the Washington State Water Pollution Control Act (RCW 90.48)
requiring “... all known available and reasonable methods by industries and others to prevent
and control the pollution of the waters of the state ...”7.
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The use of effluent hardness in the criteria equations to determine the potential limits will be
termed the “effluent-based criterion” approach. There are several ways to illustrate the effect
of effluent hardness on river metals conditions. In simple terms, applying the effluent-based
criterion is analogous to treating the effluent discharge as if it were a tributary that has higher
hardness levels than the river. The tributary would be allowed to achieve less stringent (i.e.,
higher) metals criteria by virtue of its elevated hardness levels. Similarly, the criteria applied
to protect the mainstem would be more stringent due to its lower hardness levels. The focus of
concern then becomes the point of mixing between the tributary and river.

The analogy to a tributary can be extended to selection of a load allocation (LA) for a tributary
or a WLA for a point source. The LA for a tributary to a water quality-limited river would be
the existing concentration in the tributary if it is lower than the criteria at the hardness of the
tributary. Similarly, the permit limits for the NPDES dischargers will be either the potential
limits based on meeting criteria at effluent hardness, or the potential limits based on
maintaining existing concentrations (performance-based), whichever is more restrictive.

Waste load allocations (WL As) are established as a maximum discharge concentration
(micrograms per liter, or ug/L) rather than a discharge loading (pounds per day). TMDL
regulations allow for the use of allocations in mass per time or “other appropriate measure”
(40 CFR 130.2). In this case, a concentration measure is appropriate because the relationship
between the effluent-based criterion and receiving water quality holds for all effluent flow
rates. The use of effluent flow to establish a loading limit would not only be unnecessary, but
also could be misconstrued to represent a restriction on effluent flow. Also, a loading limit
could require unnecessary TMDL and permit modifications to change loading limits as
communities grow and flows increase.

Waste Load Allocations (based on meeting the aquatic
life criteria at effluent hardness)

For cadmium and zinc, potential limits based on aquatic life criteria for all point source
discharges to the Spokane River are estimated from the water quality criteria associated with
the effluent hardness. For lead, limits based on aquatic life criteria are estimated from the
point on a line tangent to the lead criterion curve (intersecting the curve at the river hardness
value) associated with the effluent hardness. Figure 4 shows the recommended equations for
each metal.

The chronic aquatic life criteria are expressed as 4-day-average dissolved metal concentrations.
The 5th percentile value of the effluent hardness for each facility should be used by permit
writers to establish aquatic life criteria at effluent hardness for derivation of potential limits.
Permit writers will also translate the dissolved criteria into total recoverable metal limitations
pursuant to the NPDES regulations and Ecology’s Permit Writer’s Manual. '
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The hardness of the wastewater effluent is significantly higher than the hardness of the
Spokane River. The metals criteria for protection of aquatic life are based on hardness,
because the toxicity of metals to aquatic life decreases as hardness increases. Thus, as the
Spokane River flows downstream, its loading capacity (its total maximum daily load) for
metals increases due to inflows of higher hardness water (mainly groundwater and to a lesser
extent effluent discharges). While the loading capacity changes are relatively minor on the
Idaho stretch of the river, changes in river hardness and flow due to groundwater inflows and
effluent discharges result in significant loading capacity increases in Washington.

Because of the concave shape (bending downward) of the cadmium and zinc criteria curves
(Figure 2), any combination of cadmium, zinc, and hardness for the discharge that falls below
the curve will mix with river water to form a mixture that also falls below the curve.
Therefore, in this situation, the effluent-based criterion approach is protective of state water
quality standards. However, for lead, the criterion curve is convex, or bending upward,
leaving open the possibility that a mixture could exceed the criterion even when the waters

- individually fall below the criterion (a straight line between two points on the criterion curve

will fall above the curve). If discharges do not exceed the lead concentration on the tangent
line associated with the effluent hardness, the lead criterion will not be exceeded in the mixture
of effluent and river water (Figure 3).

The criterion curve for lead also affects the options available for translating a dissolved lead
WLA into a total recoverable lead WLA for NPDES permitting. This issue is discussed later
in this document in the “Example Calculations” section.

Potential Limits (based on performance)

Washington State law (RCW 90.48) requires that dischargers use all known available and
reasonable methods to prevent and control the pollution of the waters of the state (AKART).
A performance-based assessment of existing condition in the effluent is a good measure of
what can be reasonably achieved using the existing technology. Performance-based limits
would be established using the statistical methods in Ecology’s Permit Writer’s Manual
(Ecology, 1998) and EPA’s Technical Support Document (EPA, 1991). These performance-
based limits would be reevaluated during each permit re-issuance.

Since many dischargers do not have adequate data to estimate the effluent concentration of
metals, a monitoring program will need to be established. Ecology’s Permit Writer’s Manual
recommends that greater than 10 samples are required to estimate effluent variability.
Therefore, the recommended minimum sampling frequency is monthly sampling for at least

12 months to provide sufficient data to estimate effluent quality of metals. The sampling and
analysis methods should be conducted under a Quality Assurance/Quality Control Project Plan
(QAPP) that describes the methods to be used. EPA’s 1600-series methods (EPA, 1995) are
recommended for sampling trace metal concentrations that are less than detection limits for the
usual 40 CFR Part 136 methods, unless the QAPP demonstrates that alternative methods are
sufficient the measure the expected concentrations.
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Implementation of WLAs in NPDES Permits

The WLAs will be implemented as permit limits in the NPDES permits for each facility.
Using statistical permitting procedures, Ecology will determine whichever potential limits are
more restrictive based on comparison of:

e Potential limits based on meeting aquatic life criteria at effluent hardness, or

e Potential limits based on maintaining existing concentrations of metals in effluent
(AKART), where adequate data exist.

Whichever method results in lower limits will be selected for the permit limit.

Example Calculations: WLAs for the Spokane AWTP

The following calculations are provided as an example of the waste load allocation method for
each facility. The example calculation is performed for the City of Spokane Advanced
Wastewater Treatment Plant (SAWTP). During permit development, similar calculations

would be performed for each facility, based on the effluent hardness and metals data available
to the permit writers. ’

A Microsoft Excel spreadsheet was developed to perform the calculations (Appendix F). The
equations used in the spreadsheet are presented in Appendix G. Appendices F and G should be
consulted to follow the calculations presented in this example.

The equations that were used in the spreadsheet to calculate permit limits were taken from the
EPA Technical Support Document for Water Quality-based Toxics Control (EPA, 1991), and

have been widely used in the Ecology NPDES program (Ecology, 1998; e.g., Ecology’s
PWSPREAD and TSDCALCT7 spreadsheets).

WLAs (based on meeting the aquatic life criteria at effluent
hardness)

1. Estimated 5th percentile hardness

SAWTP has collected 234 samples of effluent hardness between 6/25/96 and 2/18/98. The
5th percentile hardness for this sample set is estimated to be 138 mg/L.

2. Chronic aquatic life criteria

The following calculations were performed to establish the chronic aquatic life criteria
(ALC) for cadmium, lead, and zinc for the SAWTP facility.
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e  Chronic ALC for dissolved cadmium = (1.101672-[In(hardness)(.041838)]) *
(e(.7852[In(hardncss)]'.3.49)) _ 131 ug /L

e Chronic ALC for dissolved lead = 0.02378(hardness) - 0.05505 = 3.23 ug/L
dissolved Lead

e Chronic ALC for dissolved zinc = .986e!#3inardnessl]+.7614) = 137 yg/],

. Ratio of total recoverable/dissolved metals, and

Chronic aquatic life criteria for total recoverable metals

For cadmium and zinc, default conversion factors in the federal criteria can be used to
translate dissolved criteria to total recoverable metals. The conversion factors are
1/(1.101672-[In(hardness)*(.041838)]) for cadmium, and 1/.986 for zinc. For the SAWTP

facility, with a hardness of 138 mg/L CaCQ,, the default translators are 1.12 for cadmium
and 1.01 for zinc.

Development of effluent-specific translators is also allowable, using parallel total
recoverable and dissolved effluent samples to derive a conservative ratio of total
recoverable-to-dissolved metals. Translators based on ratios in the river should be used if
they are more restrictive than ratios for effluent.

The chronic aquatic life criteria, in terms of total recoverable cadmium and zinc, for the
SAWTP example are as follows:

¢ Chronic ALC for total recoverable cadmium = 1.46 ug/L
o Chronic ALC for total recoverable zinc = 139 ug/L

For lead, the convex shape of the criterion curve precludes the use of the conversion factor
as a default translator to a total recoverable lead limit. The use of the default translation
causes the effluent to exceed the water quality criterion at certain dilutions (Appendix E).

As with cadmium and zinc, an effluent-specific translator is allowable. Development of
this translator will require characterization of total recoverable and dissolved concentrations
at a number of points between 0 and 100% effluent (diluted with ambient water, sampled at
the same time) to ensure that the translator is protective of the dissolved criterion at all
points of mixing.

Another option for developing total recoverable lead limits is to convert the dissolved
criterion curve to the associated total recoverable criterion curve using the default
conversion factor (see Figure 3). Then a tangent line to this curve at the river hardness
value is used as the chronic aquatic life criterion for total recoverable lead, rather than
using the dissolved criterion tangent (Figure 4) and an effluent-specific translator.
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Using this approach and Figure 3 in the SAWTP example, the chronic aquatic life criterion
for total recoverable Lead is:

e Chronic ALC for total recoverable lead = 3.49 ug/L total recoverable lead
Number of samples (n2) required per month for compliance monitoring

For the SAWTP example, 2 samples per month were assumed as a requirement for
compliance monitoring. This number could be changed to any reasonable value between
once per month and daily sampling.

Coefficient of variation for effluent metals

Effluent samples for metals were collected by SAWTP between 7/12/96 and 4/2/98. The
coefficients of variation for cadmium, lead, and zinc were estimated from the 31 samples
collected:

e CV for total recoverable cadmium = 0.431
o CV for total recoverable lead = 0.335
o (CV for total recoverable zinc = 0.283

Calculate maximum daily and average monthly permit limits from the aquatic life criteria

The statistical method for calculating permit limits from the aquatic life criteria is presented
in the EPA’s Technical Support Document for Water Quality-based Toxics Control (EPA,
1991). A spreadsheet was developed to simplify the calculation procedure (Appendix F).
Equations for the spreadsheet are presented in Appendix G.

The first step is to back-calculate a long-term average (LTA) concentration of metals that
corresponds to the chronic aquatic life criteria (ALC). The LTAs for cadmium, lead, and
zinc are as follows:

e LTA for total recoverable cadmium = 0.91 ug/L
e LTA for total recoverable lead = 2.4 ug/L
e LTA for total recoverable zinc = 101 ug/L

The next step is to calculate the maximum daily limit (MDL). The maximum daily limits
(MDLs) for cadmium, lead, and zinc are as follows:

e MDL for total recoverable cadmium = 2.2 ug/L
e MDL for total recoverable lead = 4.9 ug/L
e MDL for total recoverable zinc = 186 ug/L

- S Ul W 00 W SN N A U G G U S B oh I @n .
N
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The last step is to calculate the average monthly limits (AML). The average monthly limits
. (AMLs) for cadmium, lead, and zinc are as follows:

e AML for total recoverable cadmium = 1.4 ug/L
e AML for total recoverable lead = 3.4 ug/L
e AML for total recoverable zinc = 138 ug/L

Potential Limits Based on Performance

A performance-based assessment of the existing condition in the effluent is a good measure of
what can be reasonably achieved using the existing technology. Performance-based limits
would be established using the statistical methods in Ecology’s Permit Writer’s Manual
(Ecology, 1998) and EPA’s Technical Support Document (EPA, 1991). This evaluation would
occur during each permit re-issuance cycle and would be documented in the Fact Sheet. The
Fact Sheet is the basis document for each permit. While these performance-based limits may
change over time they could never exceed the aquatic life criteria based limits.

Since many dischargers do not have adequate data to estimate the effluent concentration of
metals, a monitoring program will need to be established. Ecology’s Permit Writer’s Manual
recommends that greater than 10 samples are required to estimate effluent variability.
Therefore, the recommended minimum sampling frequency is monthly sampling for at least
12 months to provide sufficient data to estimate effluent quality of metals.

Waste Load Allocations (the most restrictive of limits based on
aquatic life criteria or performance)

The last step is to assign permit limits in terms of maximum daily and average monthly limits
for the NPDES permits. The potential limits based on steps I and II above will be compared,
and the most restrictive values will be chosen. This would be documented in the Fact Sheet
during each permit re-issuance cycle.
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Table 1. Current and projected furure effluent design flows from NPDES dischargers to the Spokane River.

20-Year 50-Year 20-Times

Current Projection Projection Current (1)

NPDES Discharger mgd cfs cfs cfs cfs

' City of Coeur d'Alene AWTP 8 8.3 .13 18 188
HARSB POTW 1.3 20 34 84 40
City of Post Falls (includes City of Rathdrum) POTW 3.1 48 6.3 21 96
i Qberty Lake POTW 1 1.5 19 26 31
aiser Aluminum IWTP 23.3 36 45 54 72
Infand Empire Paper Company IWTP 4 6.2 7.7 9.3 12

l City of Spokane AWTP 44 68 84 118 . 1362

Total: 83 128 161 231 1799

1) for "20-times current”, the current flow rates from industrial dischargers were doubled instead of multiplying by
20 to provide and extreme worst-case for illustrative purposes.

Page 25

X




97 38eq

Table 2. Estimated aquifer and tributary inflows and outflows at various scenarios of outflow from Lake Coeur d' Alene.

Spokane

River

Model Up- Down-

Reach  stream  stream Inflow/ Inflow/ Inflow/

Number River Mile River Mile Equation to Estimate Aquifer Inflow/Qutflow from Lake Coeur d'Alene Outflow (cfs) Outflow (cfs) Outflow (cfs) Outfiow (cfs)
0 - 11.7 Lake Coeur d'Alene Outflow (Qcda); 300 2,000 20,000
1 1.7 106.6
2 106.6 101.7
3 101.7 96.0 Aquifer Inflow/Oulflow =37.46-(0.031367*Qcda) 28 -25 -88
4 96.0 93.0 Aquifer Inflow/Outflow =15.77-(0.013207*Qcda) ’ 12 -1 -37
5 93.0 90.4
6 90.4 87.8
7 87.8 85.3 Aquifer Inflow =288.97+(0.048167*Qcda) 303 385 482
8 85.3 82.6
9 82.6 79.8 Aquifer Inflow = -256.2 -256 -256 -256
10 79.8 78.0 Aquifer Inflow =338.54+(0.056428*Qcda) 355 451 564
11 78.0 74.1 Aquifer Outflow =-179.7 -180 -180 -180
12 74.1 69.8 Hangman Cr + Aquifer =3.3+(0,007237*Qcda)+135.53+(0.012548*Qcda) 145 178 218
13 69.8 67.6 Aquifer Inflow =42.75 43 43 43
14 67.6 64.6 Aquifer Inflow =58.3 58 58 58
Total net aquifer infow/outflow over all reaches: 509 644 804
v r v koo I | heH
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Derivation of the tangent equation for the chronic criteria for dissolved Lead

The tangent to the Lead criterion curve for any point can be found by taking the first derivative
and evaluating 1t at that point. The numerical formula for the first derivative of the criterion
curve at a hardness of 20 mg/L as CaCO3 is as follows using the symmetrical central
difference approximation:

dy/dx = (f(x+h) - f(x-h)) / 2h

where:
y = chronic Lead criteria equation = f(x)

= (1.46203-((Ln(x))*(0.145712)))*EXP(1.273*(Ln(x))-4.705)
X = hardness (20 mg/L as CaCO3 for the critical river hardness)
h = small deviation in hardness (0.001 mg/L as CaCO3)

dy/dx = first derivative of the Lead criteria equation, which is the slope of the tangent
equation

for x=20 and h=0.001, the first derivative is calculated from the following steps:

f(x+h) = (1.46203-((Ln(20.001))*(0.145712)))*EXP(1.273*(Ln(20.001))-4.705)
= 0.420554791

f(x-h) = (1.46203-((Ln(19.999))*(0.145712)))*EXP(1.273*(Ln(19.999))-4.705)
= 0.420507233

(f(x+h) - f(x-h)) / 2h

(0.420554791 - 0.420507233) / (0.002)

= 0.023779

= 0.02378

dy/dx

Therefore, the slope of the tangent equation at a hardness of 20 mg/L is 0.02378. The intercept
(b) for the equation for the tangent is calculated from the equation for a straight line:

y = x(dy/dx) + b

which can be rearranged to solved for the intercept b:

X = hardness (20 mg/L as CaCO3 for the critical river hardness)
y = (1.46203-((Ln(20))*(0.145712)))*EXP(1.273*(Ln(20))-4.705)
= 0.420531012
dy/dx = 0.023779
b =y - x(dy/dx)
= 0. 420531012 -~ 20(0.023779)
= -0.05505
A-1

o
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Date

7112/98
7/19/98
7126198
8/12/98
8/19/98
9/5/98
9/12/98
4128197
518187
5/20i97
6/3197
6/17/97
8/268/97
71897
712297
817197
8119197
©919/97
9/26/97
10/10/97
10124197
11/21/97
1417197
12/6197
12/19/97
1/8/98
1/30/98
2112/98
3/3/98
3/19/98
4/2198

Avarage
Std Dov
Variance
cv
n

rank 90%
max

Log normal
99.9%tile
99%lile
a5%tile
80%tile

Arcsin sqrt
99.9%tile
99%lile
95%tite
80%lile

Spokane AWTP effluent dissolved and total recoverable metal data by Battelle (7/96 - 4/98)

Dissolved Metals Total Recoverable Melals Ratio of Diss/Total
rd)) Pb Cd Zn Pb cd Zn Pb Cd
Concen- Concen- Concen- Concen- Concen- Concen-
tration L (Concen- tration Ln (Concen- lration Ln (Concen- lration Ln (Concen- tration Ln {Concen- tration Ln {Concen-
{uglL) {ration) {ugiL) tration) {ug/l} tration) {ug/L) tration) {ugiL) tration) {uglt) lration)
422312 3.7431593 1.0994 0.0947646 0.0882 -2.4281483 41.9353 3.736128 1.2472 0.220901 0.0884 -2.4256833 1.000 0.881 0998
35.1568 36597839 0.8897 -0.116871 0.0868 -2.7080522 38 8083 3.6506341 1.2254 0.2032673 0.09114 -2.3957975 0.908 0.728 0733
35.7777 36773248 0.8637 ~0.1485298 0.0804 -2.5207411 40,1882 3.6935734 112 0.1133287 0.0858 -2.4557363 0890 0.771 0.937
27.6477 $.3195425 0.5602 -0.6794614 0.0614 -2.7903454 217202 3,322488 0.7302 -0.3144368 0.053 -2.9374634 0.997 0.767 1.000
23,1983 3.1439928 04731 0.7484485 0.0372 -3.2914485 25,9452 3.2559868 0.6435 -0.4408333 0.053 U 36308105 0.894 0.735
54.8 4.0036902 0,9654 -0.0352128 0.0542 -2.9150744 57.6135 40537569 1.3119 0.2714765 0.0623 -2,1757939 0.951 0.738 0.870
43.3733 3.769844 1.0302 0.029753 0.0845 -2.4710037 45,7439 3.8230584 1.4578 0.3769284 0.1018 «2,2867117 0.948 0.707 0832
41.08 3.7155214 08132 -0.2087782 0.11585 -2.1584847 42.18 3,7419462 1.001 0.0008995 0.1268 -2.0651442 0974 0812 0911
29.02 3.3879852 0.4684 -0.7584326 0.0543 -2.9132311 n.27 3.4428592 0,7466 -0.2922267 0.0638 «2.7520021 0.928 0.627 0.851
25,9883 3.2576464 0.3888 +0.9975008 0.0832 -2.4865079 20.7154 3.3916654 1.0898 0.0859942 0.0952 «2.35177563 0878 0.338 0.874
31.015 3434471 0.5942 -0.5205393 0.1168 -2.1472922 33,2078 3.6027788 0.8389 -0.1756638 0.1214 «2.1119647 0934 0.708 0.965
44.2646 3.7901853 0.8694 -0.139962 0.0713 -2.640859 49.1768 3.895422 1.0807 0.0868197 00826 -2.4937458 0.900 0.797 0863
43.44 3.7713807 1115 0.1088544 0.08209 -2.4999391 54.25 3.993603 1.393 0.3314597 0.09787 -2.3241162 0.801 0.800 0839
52.94 3.9691592 0.9546 -0.0464629 0.09635 -2.3397679 §4.28 3.9941558 1.073 0.0704585 0.08037 -2.4038429 0.975 0.890 1.000
35.37 3.5650884 0.8901 -0.1184215 0.06532 -2.728457 36.68 3.6076894 1427 0.1195592 0.0714 -2.8394574 0.959 0.790 0915
37.8146 3.6273923 1.1348 0.1264564 0.0881 -2.4522459 35.5038 3.5896341 1.1473 0.1374114 0.0868 -2.4464555 1.000 0.989 0.994
31.3873 3.4457859 0821 -0.1972322 0.0903 -2.4048178 44.0603 3.7856592 1.286 0.2515366 0.1401 -1.9653988 0.712 0638 0645
45.89 3.8202472 1328 0.2821689 0.1284 -2.0549441 93.8 4.5411649 1.697 0.4881269 ©.1225 -2.0896442 0.489 0.830 1.000
4343 37711504 1315 0.2738367 0.09242 -2.3814119 46.44 3.6381612 1.528 0.4226499 0.1072 +2.233059 0.935 0862 06882
49.03 3.8924324 4.531 0.4259211 0.1004 -2,2985931 §0.36 3.0191972 1.889 0.6360476 0,1002 -2.3005871 0.974 0.810 1.000
4694 3.8488702 1.258 0.2205232 0.1257 -2.0738572 49.77 3.9074124 147 0.2852624 0.1172 -2.1438734 0.943 0.858 1.000
54 14 3,9_915733 16827 0.4667378 0.08762 -2.434746 55,67 4.0194414 1.875 0.8286087 0.1008 -2.2846169 0,973 0.868 0.869
49.03 3.8924324 1.492 0.4001175 0.06841 -2.6822363 50.44 3.9207845 1.759 0.5647455 0.0909 -2.3979953 0.972 0848 0.753
443 3.7909847 1.601 0.4706284 0.07472 -2.5940075 67.89 4.2176887 2175 0.7770287 0.1037 -2.2662532 0.653 0.738 0.721
47.381 3.8582213 1.1157 0.109482 0.082 -2.601038 56,0879 4.0269201 1.3803 03223009 0.41 -2.2072749 0.845 0808 0.745
55.1638 4.0103069 1.5945 0.4665602 0.1224 -2.1004609 60.268 40987681 1.9968 0.6315459 0.1473 -1.915284 0915 0.799 0.831
41.8396 3.7338433 1.6225 0.4839682 0.2219 -1.5055204 49.209 3.8960765 25398 0.9320853 0.23238 -1.4532892 0.850 0639 0.949
54,1045 3.9909174 1.8175 0.5974619 0.2359 -1.4443473 57.3117 40495512 2478 0.9074518 02789 <1,278902 0.943 0733 0.846
509 3.9208629 1.034 0.0334348 0.08676 -2.4446098 60.09 4.0958434 1.314 0.2730759 0.09799 -2.3228898 0.847 0787 0885
§6.94 4.0419981 15 0.4054651 0.1368 -1.9692363 5978 40906712 1.693 0.5285021 01752 -1.7418271 0.952 0886 0.781
48.68 38862683 1123 0.1180037 008t U -3.2084533 52,24 39658485 1.394 0.3321773 0.1202 -2.1185983 0.932 0.808
42 64679 3.726872 1.092529 0.017138 0.0s8087 +2.438893 48.31942 3.840208 1.406974 0.287567 0.11022 -2.297871 0.8989 0.7736 0.8782
9.374353 0.240858 0.385699 0.405220 0.042348 0.401821 13.65448 0.280317 0.471836 0.3368450 0.047533 0.423974 0.1096 0.1137 00986
87.8785 0.057918 0.148784 0.184203 0.001793 0.181460 186.4444 0.078578 0.222629 0.113199 0.002259 0.179754 0.0120 00129 | 0.0097
0.219814 0,353033 0.44082 0282587 0.335355 0.431251 0.1218 0.1470 0.1123
3 N ki 3N ki 31 31 31 29
54.14 1.801 0.1281 60.09 1.9968 0.1473 0975 0881 1.000
56.94 18176 0.2359 938 25398 0.2789 1.000 0.989 1.000
87.39 3.66 030 110.66 ar 0.37
72.71 281 022 89.33 B 292 0.27
81.72 1.98 0.17 7380 232 0.20
56.55 1.7 0.15 66.65 205 0.17
1.0000 0.9971 1.0000
1.0000 09744 1.0000
09899 0.9381 10000
0.9951 09092 09964
ravised Spokane awip hardness xis\AppB- SAWTP malals, 8/1/98
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CADMIUM

SPOKANE RIVER DISCHARGERS
OUTFALL CADMIUM & HARDNESS CONCENTRATIONS

CHRONIC STANDARD
HARD (PPM) CAD STND. (PPB)
0.001 0.00
l 30 0.44
60 0.76
20 1.04
l 120 1.31
150 1.56
180 1.80 -
l 200 1.85
DATE|OUTFALL OUTFALL CONC. RIVER CONC. FILTERED?
CADMIUM HARDNESS| CADMIUM HARDNESS
(PPB) (PPM) (PPB) (PPM)
11/21/97|SPK 0.101 164 0.20 50 - NO
8SPK 0.088 164 0.13 50 YES
12/5/97|SPK 0.104 166 0.27 39 NO
SPK 0.079 166 0.16 39 YES
12/9/97|CDA 0.142 140 0.34 22 NO
CDA 0.142 140 0.29 22 YES
KAl 0.198 86 0.281 30 NO
KAI 0.245 86 0.28 30 NO
. KAl 0.134 86 0.189 30 YES
KAl 0.094 86 0.183 30 YES
12/12/97|KAl 0.14 90 0.13 35 YES
KAl 0.132 80 0.15 35 YES
KAl 0.293 80 0.37 35 NO
KAI 0.302 90 0.309 35 NO
12/18/97|CDA 0.131 132 ‘ NO
CDA 0.128 132 YES
HAY 0.139 92 NO
HAY 0.144 92 YES
POST 0.143 96 NO
POST 0.136 96 YES

B-5
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l . LEAD

' SPOKANE RIVER DISCHARGERS
OUTFALL LEAD & HARDNESS CONCENTRATIONS

CHRONIC STANDARD
HARD (PPM) LEAD STND. (PPB)
0.001 0.00
' 30 0.69
. 60 1.66
90 2.78
l -120 4.01
150 5.33
180 8.72
‘ 200 7.69
DATE|OQUTFALL OUTFALL CONC. RIVER CONC. FILTERED?
' LEAD HARDNESS LEAD HARDNESS
, (PPB) (PPM) (PPB) (PPM)
11/21/97{SPK 1.88 164 0.834 50 NO
SPK 1.63 164 0.156 50 YES
l 12/5/97{SPK 218 166 1.62 39 NO
SPK 1.6 166 0.173 39 YES
12/9/97|CDA 1.975 140 1.07 22 NO
' CDA 1.684 140 0.141 22 YES
KAl 0.775 86 1.2 30 NO
' KAI 0.764 86 1.18 30 NO
l . KAl 0.173 86 ~ | o0.161 30 YES
KAl 0.149 86 0.139 30 YES
12/12/97|KAl 0.291 90 0.13 35 YES
' KAI 0.165 90 0.15 35 YES
KAl 0.861 90 1.16 35 NO
KAI 0.849 90 1.17 35 NO
12/18/97|CDA 1.45 132 - INO
' CDA 1.13 132 YES
HAY 1.32 92 NO
HAY 1.31 92 YES
' POST 1.3 96 NO
POST 1.18 96 YES
I B-6
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' ZINC

SPOKANE RIVER DISCHARGERS
OUTFALL ZINC & HARDNESS CONCENTRATIONS

CHRONIC STANDARD
HARD (PPM) Zn STND. (PPB)
0.001 0
l 30 43
60 78
20 110
120 140
150 169
180 197
l 200 216
DATE|OUTFALL OUTFALL CONC. RIVER CONGC. - FILTERED?
ZINC HARDNESS ZINC HARDNESS
l (PPB) (PPM) (PPB) (PPM)
11/21/97|SPK 56 164 53 50 NO
SPK 54 164 46 50 YES
l 12/5/97|SPK 68 166 66 39 NO
SPK 44 166 51 39 YES
12/9/97|CDA 54 140 93 22 NO
l CDA 56 140 83 22 YES
KAl 51 86 65 30 NO
KAl 48 86 90 30 NO
l . KAl 51 86 53 30 YES
KAl 58 86 59 30 YES
12/12/97|KAI 37 90 64 35 YES
KAl 31 20 64 35 YES
' KA 47 90 66 35 NO
KA 48 90 64 35 NO
12/18/97|CDA 62 132 NO
' CDA 59 132 YES
HAY 57 02 NO
HAY 59 92 YES
' POST 72 . 96 NO
POST 69 96 YES
i




Appendix C.1

Hardness data and relationship with flow
(Pelletier, 1994)
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Spokane River $6-100.7, Hardness (mg/L as CaCO3}, 1983-94

Appendix C1. Hardness data from the Spokane River near Stateline and Post Falls (RM 96-100.7) (Pelletier, 1994).

PILE = bard23%4.txt Column = 1

2
31.4158
29.4348
27.4538

0.9973
4.5656¢
§.3350
2.3469
10.4564
28.2262
84.0000
44 .7000
27.00500
20.0000
15.0000
13.0000
28.%108
28.3243
27.7373
0.8652
28.7500
5.2920
28.2500
£.6735
8.5428

Hardness

RESULTS:
Rusber of ABLE .ciiarnos
.-s. Conf Limit (T) ..
Maan ... (95% CI) ......
+se. Conf Limit (L} ..
Std Brr MeAn .........n.
Std Deviafion ..........
A-KUZtosis .....ccvoeuan
Geoolt Mean ....c.sveincnnn
MAXIBUR oicanvvennnanen
0.350 PATC .cnvsrnrrnaas
HELIBD o rrrrrroressann
0.050 POPC secvnvcncaann
f - S
«s-+ Conf Limit (U) ..
Tris. Naan {2x10N) .....
»rss Goof Limit (L} ..
Trim Mean 5td Err ......
Wins. Meas (2x20%)
Winsorad Std Dev ....
Tukey Irimsean ..
NadAD* 483 ...........
MaAD*L. 483 ....envnveens
Station  RiverMile  Date
STA1S0 1007 26-0c2-B3 920
57A180 100.7  30-Now-83 910
STA190 100.7  21-Dec-83 200
S7A190 1007 18-Jan-84 730
STAI0 1007 O5-Febp-84 715
57A180 100.7  07-Mar-84 750
57A190 100.7 11-Apr-84 825
S7TA190 100.7  09-May-834 840
57A190 1007 13-Jun-84 820
STA10 1007 1ijubl4e 215
STAY9D 100.7  15-Aug-84 215
57A180 100.7  12-Sep-84 230
57A180 1007 10-Oct-84 as5
S7A190 100.7  14-Nov-834 810
57A180 100.7  12-Dec-84 840
S7A190 1007 18-Jands 05
STAIC 100.7  0B-Fep-85 850
STA190 1007  13-Mar-85 830
57A190 100.7  03-Apr-85 655
57A190 100.7  03-May-85 825
STA190 100.7  12-Jun-85 835
S7A180 100.7  14-Aug-85 310
57A180 1007 15-Sep85 805
57A190 100.7  23-Oct-85 810
57A160 100.7  20-Now-35 830
57A190 100.7  11-Dec-85 815
57A190 100.7  15Jan-86 805
S7A19C 100.7 12-Fed-26 235
57Aa180 1007 12-Mar86 810
STA19Q 1007  16-Apr-86 815
57A190 1007  14-May-86 810
57A190 1007 11Jun-86 830
57190 1007 OS-Juk36 758
57A190 1007 13-Aug-d8 715
57A180 w7 10-Sep86 730
STA190 1007 22-Ca86 30
57A190 100.7  05-Now-85 735
57A190 100.7  10-Dec-86 730
STA190 107 t4dan-87 800
57A190 1007  11-Feb-87 730
STA190 17 1&Mard7 820
S7A190 1007 15-Aprd7 708
57A190 100.7  06-May-87 200
57A190 100.7  03-Jun-87 850
57A190 1007 08-Jui-87 735
57A190 1007 05-Aug-87 740
STA19G 1007  08-Sep-87 800
57A190 1007 07-Oct-37 730
57A190 100.7  O4-Now-37 745
S§7A180 100.7  09-Dec-87 740
57A190 1007  13-Jan-88 745
57A100 1007 03-Feb-B8 738
§7A190 1007 05-MarB8 T4
57A190 100.7  06-Apr83 8§10
57A190 100.7  O4-May-88 845
57A190 100.7  08Jun-88 710
57A190 100.7  06~Jul-88 715
57A190 1007 03-Aug-88 720
STAT0 1007 14-Sep-82 705
57A190 100.7  05-Oct-88 720

%mém%asssm:s:sgawwassa

R3S

8858533‘38&858&3%%3&%3%3

¥N2R

N
Py

PR8N

{molL as
Time Caco3) Fiow (cfs)

1960
4620
4820
5440
8320
5900
11200
11200
15300
2480
670
1730
1810
2780
4100
1630
1800
2220
7240
19300
16300
873

1160

1160
2180
1720
1510

10800
10400
5960
1020
€21
1080
1080

Hardness {mg/L as CaCO3)

Spokane River Mile 96-100.7
Hardness vs Flow
0
S0 .
*
Ld . o
40 . o« P ] . .
.0 * > *
> * -* *
30 < o'o. . Y
% . -
- o o
20 . o * .
L d
10
o
100 1000  Flow(cfs) 10000 100000
Hardness
tmgh as
Station River Mie Date Time CaCo3) Flow (cfs)
57A1%0 1007 03-Now-83 720 2 2180
57A150 100.7 07-Dec-88 715 20 4060
57A19Q 1007 O4-tan-29 708 3¢ 2920
§7A190 0.7 D3-Feb-89 720 2% 2510
STA1%C 100.7 03-Mar-23 735 7 2030
57A190 1007 05-Apr-89 725 25 12700
57A190 1007 03-May-89 715 25 21300
57A190 100.7 07-Jun-89 800 27 11800
57A190 100.7 06-Jul-828 718 3 11700
5TA190 100.7 05-Aug-89 720 32 &77
57A190 100.7 06.Sep-3% 735 23 1120
57A190 100.7 04.0ct-89 | 715 24 1910
STA190 100.7 08-Now-89 705 73 2140
57A190 100.7 06-Dec-89 720 30 11300
57A180 100.7 10-Jan-90 735 25 $300
57A1%0 1007 O7-Feb 90 738 24 5240
STA190 100.7 07-Mae-90 720 25 7500
57A190 100.7 04-Apr-80 750 24 14400
S7A180 100.7 08-May-90 735 20 16400
S7A190 100.7 06-Jun-90 730 17 24100
57A190 100.7 11=-Jul-90 710 21 2480
STAIR0 100.7 DRAG-90 745 24 835
57TA190 1007 05-Sep-90 655 23 395
STA1%0 100.7 10-Qct-90 725 2 1470
S5TA190 100.7 07-Now-90 720 23 2980
57A150 96.0 05-Dec-¥0 720 24 15600
§7TA150 6.0 0%-Jan-91 70 23 4500
STAIS0 98.0 D&-Feb-81 70 23 5730
STA150 260 06-Mar-31 700 23 17100
S7A150 9.0 03-Apr-91 710 23 8840
57A150 6.0 03-May-91 720 22 13000
57A150 6.0 05-Jun-91 645 23 13500
S7A150 960 10-Jul-91 ™ 20 4550
STA1S0 96.0 07-Aug-91 B45 20 1850
57A150 §5.0 04-Sep-91 705 24 749
STA150 96.0 09-Oct-81 706 939399 1910
S7A150 $6.0 06-Now-91 710 20 2150
57A150 $6.0 04-Dec-91 710 21 2600
STA150 26.0 08-Jan-92 710 89995 3030
S7A150 5.0 O5-Feb-92 75 22 8210
57A150 6.0 O4-Mar-92 2 13 999999 10400
S7A150 6.0 08-Apr-92 845 999999 82%0
S57A150 $6.0 06-May-92 830 998989 5050
57Aa150 96.0 03-Jun-92 635 999999 2530
57A150 6.0 08-Juk92 640 999959 180
S7A1S0 96.0 05-Auga2 €10 859999 47
57A150 %60 10-Sep32 840 §98595 37
57A150 96.0 07-Oct-82 700 999939 1440
57A150 9.0 04-Nov-92 643 999998 2030
S7A150 96.0 03-Dec-92 730 999999 3260
57A150 96.0 06~Jan-93 750 999885 © 2070
57A150 960 83-Feb83 700 §99558 2280
57A150 296.0 03-Mar-93 620 999995 1820
S7A150 96.0 07-Apr-93 645 959989 18000 -
S7A150 96.0 05-May-93 730 999999 18800
57A150 98.0 08-Jun-83 805 999989 5700
57A150 96.0 07-Jul-93 700 999999 4050
S7A150 96.0 84-Aug-93 710 995998 1230
STAIS0 96.0 08-Sep-83 710 99559 1160
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Regression of hardness and flow for station 54A120 (HARDREGR.WK1, 07-Apr-94 }

Data from
Oct83 1o
Sep-93

sorted by
flow '

Log
base 10
[Flow
{cfs)]

Xi

Log

base 10

[Hardness

(mg/L as

CacCos)]
Yi

Xivi

Xirz

Yir2

SuM:
MEAN :

4

2.480008
2.875061
2.863315
3.041392
3.096910
3.103803
3.107208
3.133538
3.136720
3.173186
3.176091

3.225309

3.2585272
3.260071
3.271841
3.287801
3.303186
3.330413
3.359835
3.388215
3.372812
3.385606
3.432969
3.445604
3.510545
3.513217
3.523746
3.5301989
3.541578
3.618048
3.659916
3.683947
3.620196
8.722633
3.732393
3.778151
3.783503
3.806858
3.860338
3.883661
3.894869
4.004321
4.041382
4.045322

1.991226
2041392
2012837
2041392
1982271

1.886490
1.929418
2.012837
1.897627
1.869231

1.924279
2.082785
1.832508
1.863322
1.845098
1.803089
1.838849
1.763427
1.778151

1.778151
1.857332
1.763427
1.792391

1.755874
1.785329
1.782391

1.740362
1.778151
1.707570
1.602059
1.763427
1.681241

1653212
1.653212
1.643452
1.579783
1.681241

1591064
1679783
1579783
1.579783
1.431363
1.623249
1.612783
1477121
1.462397
1.462397
1.633468
1.491361
1.531478
1.568201

1.462397
1.414973
1.462397
1.447158
1.342422

96.25844

4.938254
5.869129
5.964671
6.208676
6.138915
5.855296
5895108
6.307303
5.852325
5831420
6.111686
8.717626
5.965315
6.074565
6.036868
6.256882
6.074079
5.872944
5874295
5.990975
6.264619
5870272
6.183225
©.050049
6.267480
6.297062
6.132586
6.277229
6.047495
5.796330
6.453998
6.193603
6.100678
6.154304
6.134012
£.968661
6.361654
6.056857
6.098498
6.135344
6.153051
5.731640
6.560187
6.524231
6.003697
5.843855
6.006375
6.714518
6.130376
6373047
6.584341
6.148096
5.956351
6.260574
6.269723
5882518

342.3831

6.150434
8.265977
8.781238
8.250069
9.590851

9.633597
8.654753
9.819068
9.839015
10.06911

10.08755
10.40261

10.59679
10.62806
10.70494
10.80884
1091110
11.09165
11.28849
11.35161

11.37653
11.46232
11.78527
11.87218
12.32382
12.34269
1241678
1246230
12.54278
13.09027
13.39498
13.57146
1361754
13.85800
13.93076
14.27442
14.31792

- 14.49218

14.90220
15.08282
15.17000
16.03458
16.33285
16.36463
16.51981
16.51981
16.86917
16.89694
16.89694
17.31688
17.62872
17.67462
17.72001
18.32724
18.77002
19.20207

736.2885

3.964981
4.167284
4051513

4.167284 .

3.829399
3.558847
3.722657
4.051513
3.600988
3.494027
3.702850
4,3375%4
3.358088
3.471972
3.4043886
3.621751
3.381365
3.109678
3.161821
3.161821
3.449684
3.109678
3.212667
3.083096
3.187402
3.212667
3.028862
3.161821
2915795
2.566596
3.109678
2.826572
273311
2.733111
2.700936
2495716
2.826572
2531486
2495716
2.485716
2495716
2.048802
2.634938
2601071
2.181887
2.1388607
2.138607
2.668219
2.224182
2345427
2.459256
2.138607
2.002149
2.138607
2.094266
1.802098

167.4085

1.718900

e}



Regression of hardness and flow for station 54A120 (HARDREGR.WK1, 07-Apr-94 )

SOURCE OF SUM OF DEGREES MEAN
VARIATION SQUARES OF FREEDOM SQUARE
TOTAL 1.850829 55

LINEAR 1.724865 1 1.7248654
REGRESSION

RESIDUAL 0.225963 . 54 0.0041845
Slope (B): -0.41026

Y intercept: 3.196130

R squared: 0.884170

F Statistic: 412.2020

Std Err of B: 0.020207

Std Err of Y estimate: 0.084687

Piot of observed hardness and lower 90% confidence limit of predicted
hardness (using 1-tailed t-statistic, probability=0.10) at Station 54A120

Hardness vs Flow at 54A120 (Km ¢¢)
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l . ' Comparison of hardness at Ecology
stations 54A120 and 57A145, WY 1973 (sorted by 54A120)
l File HARDHARD.WK1
06-Apr-94
l Hardness Hardness
(mg/L as (mg/L as
l CaCO3) CaCo3)
at at
Date 54A120 57A145
l ' Rm .('(r Rmi§s5.3
730424 ' 31 23
l 721227 : 34 25
730327 35 27
730410 . 36 27
' 730313 36 26
721212 36 26
730320 37 26
l 730118 37 27
730612 41 27
730222 44 32
I ® 730925 48 33
730227 49 31
730626 52 33
' 730912 53 33
721010 58 35
721119 58 39
' 721031 61 39
730711 65 59
721129 66 41
l 730821 79 60
730724 96 - 110
' 730807 110 72
' '




l Regression of hardness at station 57A145 vs 544120 (HARDREGZ2.WK1)

Log
Data from base 10
Qet-7210 Hardness [Hardness
Sep-73 imgitas (mglas
sorted CaC0O3) CaCo03)]
by 54A120 @ 54A120 @ 57A145
(RM 66.0) (RM 85.3)
Xi Yi Xivi Xir2 Yivg
31 1361727 42.21356 961 1.854302
34 1.397940 47.52996 1156 1.95423¢
35 1.431363 50.09773 1225 2.048802
38 1431383 51.5280% 1286 2.048802
36 1.414573 50.93304 1256 2.002148
36 1.414873 50.93904 1296 2.002149
l 37 1.414973 52.35401 1363 2.002149
37 1431363 52.96045 1369 2.048802
41 1.431363 58.68591 1681 2.048802
44  1.505149 6622659 1838 2.265476
48 1518513 72.88866 2304 2.305884
49 1491361 7307672 2401 2.224159
I 52 1.518513 78.96272 2704 2.305884
53 1518513 8048123 2809 2.305884
58 1544068 8955594 3364 2.384146
58 1.591064 9228174 3364 2.531486
61 1.591064 97.05494 3721 2.531486
€5 1.770852 115.1053 4225 3.135916
66 1.612783 106.4437 4356 2.601071
73 1.778151 1404738 6241 3.151821
96 2.041392 195.8736 $216 4.167284
110 1.857332 204.3065 12100  3.448684
l SUM : 1162 34.06880 1870.080 70330 53.38038
N: 22
MEAN - 5281818 1.548582
SOURCE OF SUM OF DEGREES MEAN
' VARIATION SQUARES OF FREEDOM SQUARE
TOTAL 0.622041 21
LINEAR 0.853323 1 0.553323
. REGRESSION
RESIDUAL 0.068717 20 0.003435
Siope (B): 0.007834
Y.irercept; 1.134788
R squared: 0.889528
F Siatistie’ 161.0423
Std Errof 8: 0.000617
Std Err of Y estimate: 0.058816

90% Prediction Limits

130
120
110
100
20
80
70
60
50
40+
30r
20r

T

—

Km §5.3

10

Hardness at 57A145 (mg/L as CaCQ3)

40

Km

LG

30 | s0 | 70 | a0 | 110
60 ' 80 " 100

. Hardness at 54A120 (mg/L as CaCO3)
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Appendix C.2

Metals data from the Spokane River at the
Stateline Bridge at river mile 96 (compiled by
Hopkins and dohnson, 1997)
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Ecology Spokane River Metals Data, April - June 1997 :
EPA 1995 Water Quality Criteria (ug/l)

Sample Hardness Dissolved Metals (ug/L) Zinc Lead Cadmium Copper
Date Location Number  (mg/L) Zinc. Lead  Cadmium Copper (acute) (chronic) (chronic) (chronic)
8-Apr  Stateline Bridge - center 156172 23.2 119 1.41 0.440 0.869 13 0.50 0.35 33
filter blank 156175 -~ 0.53 <0.02 <0.02 <0.05
6-May  Stateline Bridge - center 196172 20.3 74,5 2,69 0.318 0.632 29 042 0.31 2.9
field split of above sample 196174 20.0 74.1 2.50 0.326 0.617 29 0.42 0.31 2.9
Riverside State Park - right bank 196177 25.1 73.9 247 0.307 0.659 35 0.54 0.37 35
filter blank . 196176 -- 025 <002 <002 <005 '
bottle blank 196175 - <0.2 <0.02 <0.02 <0.05
12-May 2.5 mi. above stateline - right bank 208083 19.0 61.8 2.01 0.283 0.549 28 0.40 0.30 28
2.5 mi. above stateline - leftbank 208084 18.3 63.7 2,01 0.278 0.599 27 0.37 0.29 2.6
Stateline - right bank, above bridge 208083 18.8 62.7 1.97 0.283 0.610 28 0.40 0.30 28
Stateline Bridge - right 208080 188 64.8 1.89 0.282 .  0.580 28 0.40 0.30 2.8
Stateline Bridge - center 208081 19.3 61.0 193 0.275 0.576 28 0.40 0.30 28
Q lab split of above sample 208090 184 62.7 1.93 0.289 0.740 27 0.37 0.29 2.6
© Stateline Bridge - left 208082 189 63.9 1.99 0.284 0.658 28 0.40 0.30 2.8
T.J. Meenach Bridge - center 208086 224 61.3 1.93 0.282 0.636 32 0.47 034 31
Riverside State Park - right bank 208087 234 61.3 1.84 0.281 0.628 33 0.50 0.35 33
lab split of above sample 208093 18.4 59.9 1.87 0.289 0570 - 27 0.37 0.29 2.6
Bridge bw. Long Lk. Dam - center 208089 278 . 42.0 1.38 0.120 0.653 39 0.61 0.40 38
filter blank : 208091 -- 0.78 <0.02 <0.02 <0.05
transfer blank 208094  -- <0.2 <002 <002 <0.05
bottle blank 208092 - 8.79 0.021 <0.02 0.370
20-May 2.5 mi. above stateline - right bank 218005 18.3 58.0 - 247 0.277 0.582 27 0.37 0.29 2.6
Stateline - right bank, above bridge 218006 182 599 241 0.275 0.591 27 0.37 0.29 2.6
Riverside State Park- right bank 218008 21.6 54.2 217 0.250 0.728 32 0.47 0.34 3.1
3-Jun  Stateline Bridge - center 236172 16.3 789 . 165 0,337 0.640 24 0.33 0.27 2.4
T.J. Meenach Bridge - center 236177 38.0 67.2 1.41 0.288 0.771 50 0.87 0.50 5.0
Riverside State Park - right bank 236176 24.0 7.1 1.51 0.310 0.608 33 0.50 0.35 33
t r 1 t L | oy (Y
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Hate y No.: WA-57-1010 River Mile: 96.00 Longi tude: 02 37.0
Date Yime flow Copper t.ead Zinc Cadmium Cadmium Copper Lead Zine

. pissol. Dfissol. Dissol Dissol.

(CFS) (ug/L)  (ug/t)  (ug/l)  (ug/L)  (ug/L)  (ug/l)  (ug/L)  (ug/L)

94/04/05 1010 7090.0
94705703 0950 5380.0 0.298 P 1.420 0.209  96.900
94/06/07 1010 3900.0
94/07/06 0955 697.0 0.150 P 0.496 P 0.180 P 58.000
94/08/02 1020 366.0
94/09/06 1000 303.0 0.040 U 0.400 P 0.120 P 22.300
94710710 1105 1450.0
94/11/07 1040 2630.0 0.130 P 0.495 P 0.143 P 59.700
94/12/05 1135 1460.0
95701709 1015 4490.0 14.0 P 200U  79.5 3.00 U 0.180 P 0.440 P 0.064 P 79.700
95/02/06 1100 14400.0
95703706 1115 16700.0 0.406 0.706 0.818  104.000
95/04/03 1125 12700.0
95/05/02 1120 9020.0
95/06/05 0930 5800.0
95/07/10 0820 3080.0
95/08/07 1050 746.0
95/09/05 0820 424.0
95710702 1010 1570.0 0.4 1.4 48.4 0  0.16 0.110 0.410 0.172  51.200
95/11/06 0940 3680.0 _
95/12/04 0945 29800.0 0.6 3.7 102.0 8 0.47 0.289 0.345 0.212  92.100
96/01/08 1010 8370.0
96/02/05 0920 6100.0 0.9 5.4 89.6 0.46 0.377 0.841 1.150  94.500
96/03/04 1010 16000.0
96704709 0945 11100.0 1.1 14.8 82.3 0.40 0.370 0.931 3.870  86.100
96/05/06 0955 19800.0
96/06/03 1100 15500.0 0.9 5.6  67.19  0.34 - 0.282 0.547 1.640  66.500
96/07/08 1205 3070.0
96/08/05 1010 1200.0 1.1 1.4 4.7 0.45 0.281 0.450 0.206  46.100
96/09/03 1105 615.0
96/10/08 0945 1750.0 0.84 1.2 46.94  0.18 0.219 0.500 0.227  50.200
96/11/05 0940 - 2780.0
96/12/03 0930 - 4550.0 0.6 1.5 78.6 0.30 0.249 0.450 0.340  81.600
97/01/14 0945 13300.0
97/02/04 0945 8210.0 0.7 3.1 110.0 ¢  0.34 0.342 0.593 0.9%  105.000

Remarks: U,K - Below reporting limit; B - analyte in blank; X - background organisms; J - Estimate; S - Spreader colonies, P - below quantitation limit.




Appendix C.3

Metals data from Spokane River between river
miles 63.5-69.9
(compiled by CH2M Hill, 1997)




Dissolved Cd vs Flow
Spokane River Mile 63.5 - 69.9
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Dissolved Pb vs Flow
Spokane River Mile 63.5 - 69.9
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Appendix C3. Metals daa from Spokane River Mile 63.5-69.9 {compiled by CH2M-Hill, 1997).

DATA FOR GRAPHING - Undetected Values not included. All Concentrations in ugfl..

SOURCE  &TA Name River Mile Date Flow (cfs) TRAQ Dis Ag TRCd Dis Cd TRCu Dis Cu TR Hg TR Pb Dis Pb TR Zn Dis Zn

SAWTP FW Fort Wright (Meenach Bridge) 69.9 6/27/96 5944 0.2325 0.1575 0.399 0.1815 0.000382 1.99 0.354 45.7 34.7

SAWTP Fw Fort Wright (Meenach Bridge) 69.9 711219 3072 0.225 0.109 025 0.15 0.00144 1.32 0.308 45.2

SAWTP Fw Fort Wright (Meenach Bridge) 69.9 7/19/96 2174 0.001285 0.163 0.43 0.258 0.151 0.000663 0.92 0.0762 354 286

SAWTP Fw Fort Wright (Meenach Bridge) 69.9 7/26196 1827 0.12 0.129 0.0867 0.414 0.0868 0.0001995 1.01 127 18.5

SAWTP FW Foit Wright (Meenach Bridge) 89.9 B/12/98 1624 0.0181 0.1 0.07535 0.462 0.324 0.000358 0.894 0.06535 23 16.26

SAWTP Fw Fort Wright (Meensach Bridge) 69.9 8/19/96 1038 0.0688 0.0488 0.535 0.308 0.000281 0.761 0.105 20.7 14.9

SAWTP FW Fort Wright (Meenach Bridge) 69.9 8/5/96 1115 0.0508 0.0198 0.0747 0.04115 0.508 0438 0.000557 1.83 0.0024 18,6 16.2

SAWTP FW Fort Wright (Meenach Bridge) 69.9 9/12/96 2250 0.0056 0.576 0.035 0.000383 1.76 232 1.34

SAWTP Fw Fort Wright (Meenach Bridge) 69.9 4/25/97 25970 0.0248 0.0873 0.559 0.338 123 0.752 0.00232 1.70 1.63 113 89.4

SAWTP FW Fart Wright (Meenach Bridge) 69.9 517197 30552 0.0369 0.0134 0.401 0.290 0.978 0.5858 0.00305 118 2.40 8.2 671.7

SAWTP FW Fort Wright {Meenach Bridge) 69.9 §119/97 41085 0.0475 0.0110 0.468 0.225 1.4347 0.5775 0.01463 18.4 1.83 84,5 49.5 <
SAWTP FW Fort Wright (Meenach Bridge) 69.9 6/2:197 30039 0.0119 0.0198 0.448 0.313 0.8725 0.5801 0.00093 9.9 163 89.2 69.1 -t
SAWTP FW Fort Wright (Meenach Bridge) 69,9 6/16/97 21351 0.0164 0.0147 0.438 0.277 0.7028 0.5084 0.00138 74 1.52 788 61.0 |
DOE B&p 54A120 66 10/2/85 1720 0.044 0.488 0.0010 Q.110 241 ©
DOE Ba&p 54A120 66 8/5/96 1660 0.091 0.450 0.0010 0.087 19.0

DOE Bap 54A120 66 12/4195 26800 0.239 04186 0.0010 0.232 80.9

DOE B&P 54A120 66 6/3/66 15100 0.254 0.610 0.0010 1.470 6§38

DOE B&P 54A120 66 25106 © 6540 0283 0698 0.0010 0.966 730

DOE BAP 54A120 66 4/9/98 11000 ’ 0.280 0.931 0.0010 4.270 66.8

DOE Rifle Club 63.5-64.5 7/26/92 1326 0.098 0.058 1.0800 0.164 0.00088 0.696 0.163 409 20.2

OOE Rifle Club 63.5-84.6 9124192 1836.3 0137 1.2500 1.5 51.6

DOE Rifla Club 635647 11/26/82 3153 0.203 0.188 1.0500 0.974 0.00122 10 0.17 105.0 80.8

DOE Rifte Club 83.564.8 1427193 3415 0.133 0.048 3.3300 0.00414 2.3 911 486

OOE Rifia Club 83.5-64.9 3/31/93 15882 0.501 0.26% 1.2300 0.88 0.00365 32 0.24 179.0 843

DOE Rifle Club 63.564.10  5/25/93 17134 0.344 0.233 0.0670 0.48 0.00168 X ) 0.79 739 616

DOE Rifle Club 63.564.11  68/11/93 2248 0.427 0.085 1.2800 118 0.00081 06 0.14 77.0 64.5

DOE Rifte Club 63.5-64.12 9/8/83 1735 0.184 0.0M 0.7400 0.61 0.00150 0.9 0.20 55.8 458

DOE Riverside State Park - right bank 66.0 5/8/97 0.307 0.659 247 738

DOE T.J. Meenach bridge - center 65.0 §119/97 0.282 0.638 1.93 61.3

DOE Riverside State Park - right bank 65.0 6120197 0.281 0.628 1.84 61.3

DOE Riverside State Park- right bank 68.0 5122/97 0.250 0.728 FAYS 54.2

DOE Riverside State Park - right bank 65.0 6/5/97 0310 0.608 1.81 721

. Tab!es&Appendi.\AppCS. 4/30/98




Appendix C.4

Model calibration for hardness, cadmium, lead,
zinc (calibration location are shown in the
shaded cells)
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Spokane River Mods! Reaches EfMuent Charactaristics _Aquiler/Tribulary Inflow/Qutflow Reach Mass Bal; Calulstions
Check of
Muss
Balanca with
Regrassion
Estimats of
0%
prediclion
limit for
dissolvad Cd
al RM 96-
Mass 1007
Check of Balance  (Hopkins and
Mass Mass Mass Dissolved Johnson) and
Balance  Balance Ballnca wilh Mass Cd at RM 66
Hard H Balance  Down-  (CHZM-Hill
atUp-  atDown- wth Yetile Dissolved  stream data
Spokane Inflow Flowat  Flowat  stream  stream  hardness  Ralio of Cdat Endof  compilation)
River Hardness  nflow Upstream Dawmsicea  End of End of fram Dissalved/ Upstream  Reach  andlog-log
Mode! Up- Down. Hardness  Tolal Inflow/ (mgilas Dissolved Endof mEndof Reach Reach Pelielier Tota! €nd of aftar cubie
Reach  siream  slream Flow (mgit as Recoverabl Qutflow  CaCO3) Cd(ugl) Reach Reach  (mg/l.as  (mg/l.as 1994 (mg/L Recoversbl Reach complele ragression
Number River Mils River Mile (mgd) Flow (cfs) CaCO3) e Cd (ugil) (cfs) @ M (cfs) {cfs) CaCO3) CaCO3) as(CaCO3) eCd (ugll)  mix{ugll) (U} (3
1 - 117 Lake CDA Outlet Lk CDA Qutlet (1) 1,000 200 023 - 1,000 - 20 0.976 - 023
1 117 108.8 CDASTP 6 9.28 145 0.30 ) 1,000 1,009 20 2t 0.974 023 023
2 108.6 101.7 Haydan STP 13 2.0t 145 0.30 1,009 1011 21 2 0974 0.23 023
(@] A
'ld 3 1017 960 Posl Falls STP a 480 145 030 Aquifer Inflow/Outllow 8.09 85.0 0.008 1.011 1,022 20 7 2% . 20 7 oem 023 . 023 0.23
bt 4 96.0 93.0 Aquifar Inflow/Outflow 2.58 85.0 0.008 1,022 1,025 22 2 0.971 023 0.23
5 93.0 90.4 Libarty Lake STP 1 1.55 145 0.30 1,025 1,028 23 23 09N 023 0.23
8 80.4 878 1,028 1,028 23 23 0.97 023 0.23
7 878 853 Kaiser 233 38.06 120 0.30 Aquiter Inflow 337.14 85.0 0.008 990 1,383 23 M 0.947 023 017
s 853 828 1363 1,383 Ui M a2 om0 0w
1] 828 798 1EPCo 4 8.19 145 030 Aquifer faflow -258.20 " na 1,363 1113 41 41 0.946 017 017
10 79.8 78.0 Aquifar Inflow 334.97 850 0.008 1,113 1,508 41 53 0.936 017 013
it 780 T4.4 Aquitar Outfow -179.70 na na 1,508 1329 53 53 0.938 0.13 013
12 74.1 69.8 Hangman Cr + Aquifer 158.62 85.0 0.008 1,329 1,487 53 58 0.933 013 012
13 €98 678 Aquifer inflow 4275 L 0.008 1407 1,530 56 57 0.933 012 011
14 67.8 648 Spokane AWTP 4“4 68.08 145 0.30 Aquifer Inflow " 5830 85.0 0.008 1,530 1,858 57 82 82 ! oem of1 ;041 0t
{1) dissolved Cd was {ed as the 90% prediciton limit of the reg fon for Spokane River at the state line presented by Hopkins and Johnson (1997)
(2) aquifer hardnoss assumed to be: 85  mglas ClCOJ based on eompariwn of Palletier {1994} reg i of 10% predi lienit
for RM 68 with spreadshaet mass balance, Lake CDA oullet hardness asssumed (o be 5%fils (and seasonal 10%tils) of 20 my/L. as CaCO3 from Palleﬂar (1994)
{3) aquiler diss Cd assurned to be a 90%le of 0008 vt based on comp ol reg i far diss Cd at RM 86 (CH2M-Hil} data compitation)

with mass balanca astimats for downstraam end reach log-log cubic regresssion.

melmad calibrate present (lrec mass balance).xls, 4/30/98, Page f of 1
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Appendix C4b. Model calibration results for Pb (sh.d cells show calibration checks for the mass balance). .

g91~0

Spokane River Modsl Reaches EMusnt Charactaristics Aquifer/Tributary inflow/Oulflaw Reach Mass Balance Calculations
Check of
Mass
Balance with
Regression
Estimate of
90%
prediction
fimit for
dissolved Pb
8l RM 96-
Mass 100.7
Check of Balance (Hopkins and
Mass Mass Mass Dissolved Johnson) and
Balance  Hatance Balance with Mass Pbal RM 68
Hardi Hard Reg Balance Down-  (CH2M-Hill
atUp-  alDown-  10ih %tits Dissotved  siream dala
Spokane inflow Flowal  Flowat  steam  stream  hardness  Ralio of Pbat Endol  compilation)
River Hardness  Inflow Upstream Downsires End of End of from Dissolved! Upstream  Reach  andlog-log
Model Up- Down- Hardness  Total (mpiL. as  Dissclved Endof mEndof Reach Reach Pelletier Tolat Endof after cubic
Reach  siream  stream Flow {mg/t. as Racoverabl Inflow/Outhi  CaCO3) Pb(ugh) Reach Reach  {mg/Las (mg/l as 1934 (mg/l. Recoverabl Reach complele regression
Number River Mile River Mile {mgd) Flow (cfs) CaCO3) e Pb(ugll) ow {cls) @) (W) {cls) (ctx) CaC03) CaCOl) asCaCOl) ePd (ugt)  mixugl)  (ugl) (3)
(] - "y Lake CDA Outlst Lk CDA Outlst (1) 1,000 200 1.2 - 1,000 - 20 1.00 - 1.2
1 iz 106.6 CDA STP 8 9.28 145 25 1,000 1,009 20 4 1.00 1.2 1.3
2 106.6 10t.7 Haydan STP 13 20t 145 28 1,009 1011 2 A 1.00 13 13
3 101.7 98.0 Post Falls STP a 4.80 145 2.8 Aquifar Inflow/Outfow 6.09 85.0 0.09 1.011 1.022 21 ’ zﬁ 20 1.00 13 13 1.2
4 96.0 930 Aquiter inflow/Outflov 2.56 85.0 0.09 1,022 1,025 22 3 1.00 13 1.3
5 93.0 90.4 Liberly Lake STP 1 1.5 145 25 1,025 1,026 23 23 1.00 1.3 13
8 80.4 878 ' 1028 . 1026 23 23 1.00 1.3 13
7 87.8 85.3 Kaiser 233 36.05 120 2.5 Aquifer Inflow 337.14 85.0 0.09 990 1,363 23 41 0.92 1.3 09
8 85.3 826 1,383 1,383 ] M T .42 7 oe 09 09
9 826 79.8 IEPCo 4 8.19 145 25 Aquifer Inffow ~258.20 na na 1,363 1,13 A1 41 0.92 09 09
10 798 780 Aquifer Inflow 30497 85.0 0.09 1,113 1,508 M 53 0.88 0.9 0.7
11 780 744 Aquifer Quifiow -179.70 na na 1,508 1,320 53 53 0.88 0.7 07
12 744 69.8 Hangman Cr + Aquifer 158,62 85.0 0.09 1,329 1,487 53 56 088 0.7 08
13 69.8 67.8 Aquifer inflaw 42.75 85.0 0.09 1,487 1,530 68 57 0.87 06 06
1 676 €46 Spokans AWTP 44 6808 145 25 Aquiter Inflow 5630 850 009 1530 1,656 57 62 62 ' oss 06 08 08
(1) dissolved Pb was d as the 90% predi fimif of the | quation for Spok River at the stale line prasented by Hopkins and Johnson (1997)
(2) aquifar hardness assurmad to be: 85 mg/L as CaCO3 based on comparison of Palletier (1994) te of 10% prediction limit
for RM 66 with spreadshest mass batance. Lake CDA oullet hardness asssumed (o he 5%lile (and seasonat 10%tile) of 20 mg/L as CaCO3 from Pellefier (1994)
(3) aquiter diss Pb assumed to be: 009  ugl basedon ison of regressi timate for diss Pb al RM 68 (Jerry Bills data comptlation)
with mass balanca estimate for downstream and reach log-lag cubic regresssion.
rmetmad calibrate prasent (ke mass balanca) s, 4/30/98, Page 1 of 1
-
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Spokans River Mode! Reaches Efmuent Ch Aguiferf/Tribulary Inflow/Outfiow Reach Mass Balance Calculations
Check of
Mass
Balance with
Regression
Estimats of
90%
prediction
limi for
dissolvad Zn
at RM 96-
Mass 100.7
Chack of Batance  (Hopkins and
Mass Mass Mass Dissolved Johnson) and
Balance  Balance Balance with Mass Znat RM 66
Hardi Hardi Regrossi Batance Down-  (CH2MHill
atUp-  atDown-  10th %tile Dissolved  siraam data
Spokane Inflow Flowat  Flow al stream stream  hardness  Ratioof  Zincat Endof  compilalion)
River Hardness  Inflow Upstream Downstrea  End of End of from Dissolved/ Upstream  Reach  andlog-fog
Made! Up- Down. Hardness  Tolal (mg/L.as Dissclved Endof mEndof Reach Reach Pslintiar Tolal End of after cubic
Resch  stream  slraam Flow mgiL. as Recoverabl Inflow/Oult  CaCOd  Zn (ugll) Reach Reach  (mg/Las {mg/Las 1894 (mp/L Recoverakl Reach complele ragression
Number River Mile Rivar Mile (mgd) Flow({cls) CaCO3) e 2Zn{ugl) aw {cls) {2) (N {cls) {cls) CaCO3) CaCO3) asCalOd) e2n ugll)  mix{ugll) (ug) ()
0 - 17 Lake CDA Quttst Lk CDA Qutiat (1) 1,000 20.0 63.5 - 1,000 - 20 0.988 - 635
1 1.7 1066 CDA STP 3 0.28 145 100 1,000 1,009 20 21 0.986 835 63.8
2 1088 104.7 Hayden STP 3 2.01 145 100 1,008 1,044 21 21 0.986 €38 839
3 1017 960  PostFalls STP 31 420 145 100 Aquier inflowOutfiow .00 85.0 18 1011 1022 2 227 a0, 1 osss 839 838 €38
4 98.0 930 Aquiler Inflow/Quiflow 258 85.0 18 1,022 1,028 22 23 0,988 638 637
5 93.0 904 Liberty Laka STP 1 1.56 145 100 1,025 1,028 23 23 0.988 83.7 837
[} 90.4 87.8 1,026 1,028 23 23 0.986 637 3.7
7 87.8 853 Kaiser 23 36.05 120 100 Aguifer Inflow 337.14 85.0 18 990 1,363 23 41 0.988 637 533
] 83 828 1383 183 o FUMY 4B ose a3 53.3
] 82.6 79.8 IEPCo 4 8.19 145 85 Aguifer Inflow -2568.20 na na 1,383 1113 “ 41 0.986 533 536
10 8.8 78.0 Aguifer Inflow 394.97 85.0 18 1,113 1,508 4“ 53 0.988 536 44.2
1" 78.0 744 Aquifer Outltow -179.70 na na 1,508 1329 53 53 0.986 44.2 4423
12 749 69.8 Hangman Cr + Aquifer 150,62 85,0 18 1,329 1,487 53 58 0.988 443 415
13 69.8 676 Aquifer inflow 42.75 85.0 18 1,487 1,530 58 57 0.986 415 408
" 676 648 Spokane AWTP M 68.08 145 100 Agulfer inflow §8.30 85.0 18 1530 1,656 57 82 82 0.988 408 - 424 424

{1) dissolvad 2n was astimated as the 80% prediciton limit of the ragression equation fur Spokane Rivar at the state line prasented by Hopkins and Johnson (1997)
85 mgil. as CaCO3 basad on comparison of Pelletier (1994) ragressii

(2) aquifer hardness assumed o be:

af 10% prediction timit

for RM B8 with spreadsheat mass batance. Lake CDA oullet hardness asssumad to ba 5%ils (and seasonal 10%tile) of 20 mg/L. as CaCO3 from Pelletier (1994)

{3) aquifer diss Zn assumed 1o be a 80%lile of 18
with mass balanca estimals for downsiream and reach fog-log cubic reg ion is

ugil. based on ison of reg!

meimod calibrale present (rec mass balance).xls, 4/30/98, Page 1 of 1

din

qhydro.regfile.di.zn.m.66.doc

for diss Zn sl RM 68 (Jervy Bills data compitation)



Appendix D.1

Results for Cadmium
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. Lake Coeur d Outlet at 300 cfs .

NPDES Discharge Current Design Flows

Spokans River Mods! Reaches Efffuent Characiaristics
Spokans Effluent
River ratio of Acute Chronic  Effluent
madel Down- Hardness I fissolved dissolved meels end
ranch  Up-stresm  stream {mg/las Tolalrec. otaleme, Dissolved Cdgrileria Cdcriteda of-pipe
number  river mile  rivar mile Flow (mgd) Flow {cfs) CaCO3) Cd{ug/l) cd Cd (ugil) (ug/L) ug/L) criteria?
0 - 17z Lake Cosur d'Alene Oullel
1 1117 106.8 City of Cosur d'Alens AWTP [} 928 145 1.52 0893 1.38 554 1.38 Yos
2 1088 101.7 Hayden Area RSB POTW 13 201 145 1.52 0.893 1.36 5.54 1.38 Yeos
[w] 3 1017 8.0 City of Past Falis & Rathdrum POTW a4 4.80 145 1.52 0.893 1.36 5.54 1.38 Yes
W 4 %0 930
5 93.0 00.4 Libarty Lake POTW 1 1,58 . 145 1.52 0.893 138 5.54 1.36 Yes
[} 90.4 818
1 878 853 Kaiser Aluminum IWTP 2.3 3805 120 13 0.804 148 4.5, 1.148 Yos
8 853 828 .
1] 828 798 Inland Empire Paper Co IWTP 4 8.19 145 1.62 0.893 138 5.54 136 Yes
10 708 76.0
11 780 7.1
12 74.1 69.8
13 69.8 678
14 678 648 City of Spokane AWTP “ 68.08 145 1.52 0.893 1.36 554 1.36 Yes
multiplier for municipal efffuent flow = 1
mullipfier for indusinial effiuent fow = 1
‘Spoksne Cd 1X NPDES (lrec mass balance).xis\Data 300 cfs’, 4/23/98
Page 1 of 3
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Spokane River M.Is Model: Cadmium
Lake Coeur d'Alene Qutlet at 300 cfs
NPDES Dischargers at Current Design Flows

Spokane River Madal Reaches Aquiler/Tsibutary Inflow/Outfiow Reach Mass Balance Ci fons
Check of
imass
balance
with
regression
Check of eslimate of
mass S0%tile
batance Mass  diss. Cdat
Mass Mass with balance  RM 66
balance  balance regression Ratio of Mass  dissolved basedon
hardness hardness 10th %tile dissolved’ balance Cd at CH2M-
atup-  atdown- hardness lolalrec. dissolved down-  Hill's data
Spokane Inflow Flowat  stream  stream from Cdat Cdal stream  compilatio
River hardness  Inflow Flowal  down-  endof  endof  Pellolier dawn- upsiream endof nandlog-
maodel Down- Inflowor (mg/Las dissolved upsiream  stream reach reach 1994 stream endof reach afler log cubic
resch  Up-stream  siream outflow  CaCO3) Cd(ugl} end of endof  (mgLas (mglLas (myl.as endof yeach  complale regression
number  river mile  river mile (cfs) 2) 3) reach (cfs) reach {cfs) CaCO3) CaCO3) CaCO3}) reach {ugl)  mix uet) (ugt)(3)
[1] - 1.7 Lk CDA Outlat (1} - 300 20 0.3 - 300 - 200 na 0976 . 0.31
1 114.7 1068 300 309 200 238 na 0.969 0.34 0.35
2 1088 1017 309 n 2338 245 na 0.968 0.35 035
3 101.7 96.0 Aquifer inflow/Outflow 28.05 85.0 0.008 kAL M 245 3 na 0958 0.35 0.34
4 96.0 930 Aguifer Inflow/Outflow 11.81 850 ~ 0.008 344 358 39 329 na 0.955 0.34 032
5 93.0 90.4 356 357 329 34 na 0.955 032 033
] 904 87.8 357 asy 34 334 na 0.955 033 0.33
7 7.8 853 Agiiter Inflow 303.42 85.0 0.008 2 661 334 618 1] 0.929 033 023
8 85.3 826 661 661 618 618 na 0.929 0.23 023
9 826 708 Aquifar Oulflow -266.20 ns na 661 414 618 63.‘1 na 0.928 023 02§
10 798 780 Aquifar inflow 35547 850 0.008 411 766 834 732 1) 0922 026 0.4
1" 78.0 741 Aquifer Outflow -179.70 na na 768 587 732 732 na 0.922 0.14 0.14
12 4.1 69.8 Hangmen Cr + Aquiter  144.77 85.0 0.008 587 m 732 756 na 0.921 0.14 011
13 89.8 876 Aquifer Inflow 42.75 25.0 0.008 731 174 7568 76.1 na 0.920 0.11 o
14 878 646 Aquiter Inflow 58.30 85.0 0.008 4 901 78.1 819 na 0917 [1A)] 020 na
{1) dissolved Cd was esiimatad 10 meai tha chronic criteria at the Lake CDA cullet
(2) acifer hardness assumed to be: 85  my/l as CaCOJ based on comparison of Pelletier (1994) ragression estimate of 10%tils
for station 54A120 with mass balance estimate. Lake CDA oullet hardnass asssumed to ba 5%iile 20 mg/L as CaCO3,
(3) aguiler diss Cd assumad fo be: 0.008 wugil. based on comy of reg imate for diss Cd at RM 86 (CH2M-Hill, 1997)
with mass bal. te for d end reach.
‘Spokane Cd 1X NPDES (trec mass balance).xis\Dats 300 cfs', 423198
Page20f3
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Lake Coeur d

Outlet at 300 cfs

NPDES Discharg t Current Design Flows

Spokane River Model Reaches NPDES Dischargers Acute Mixing Zona Boundary Chronje Mixing Zone Boundary Complela Mix
Mass Meels
balance  chronic
Hardness dissolved  criteria
Ratio of Meets Ratio of Masts at down- Cdat after
Acute dissolvad/ acule Chronic dissolved/ chronic stream down-  complete
Spokans dilulion  Hardness total rec. criteria at ditution  Hardness totalrac. Dissolved criteria at end of stream mix at
Rivar factor  atacule  Acule Phat  Dissolved  acule factor  atchronic  Chronic Pbal  Cdconc. chronic reach aftar  Acute Chronic  end of down-
mods! Down- (allowing i Nissols mixing  Cdconc.  mixing (allowing y dissolved mixing atchronic mixing p dissol dissolved reach afler stream
reach  Up-stream  stream 286%of (mg/iLas Cdcrileria  20n8 at acute zone 25%0f (mg/l.as Cdcrileia  zone  boundary  zone mix (mg/l. Cd criteria Cd criteria complete  end of
number  river mife  rivar mile river flow) CaCO3)  (ugll) boundary boundary boundary?  riverflaw) CaCO3) (ug/l)  boundary  (ug/l) boundary? asCaCO3) (ug/l) (ug/l)  mix (ugl) reach?
0 - 1117 200 065 031 0.31 Yas
1 1.7 108.6 City of Cowur d'Alene AWTP 1.81 80.1 a2 0.949 0.83 Yes 8.08 338 0.46 0.954 0.43 Yas 238 078 0.36 0.35 Yes
2 106.6 1o1.7 Hayden Area RSB POTW 484 48.8 1.70 0974 058 Yes 39.44 26.8 0.39 0.964 0.37 Yeos 45 0.81 0.36 0.35 Yes
? 3 101.7 6.0 City of Post Falls & Rathdrum POTW 262 705 253 0.959 0.77 i Yes 17.23 315 0.44 0.957 0.41 Yas 311 1.04 043 034 Yas
W i
4 06.0 93.0 329 1.11 0.45 0.32 Yas
5 30 904 Libedy Lake POTW 6.75 495 173 04973 050 Yes 58.51 348 047 0.953 034 Yas 34 113 046 033 Yes
8 204 818 334 113 046 0.33 Yes
7 878 853 Kaiser Aluminum IWTP 122 1042 387 0.942 1.07 Yes 323 60.2 o 0.930 060 Yes 61.8 220 072 023 Yes
8 853 826 618 220 072 0.23 Yes
9 828 9.8 Inland Empire Paper Co IWTP aer 845 3.08 0.951 0.56 Yes 27.70 64.8 075 0.927 0.27 Yes 631 225 073 025 Yes
10 79.8 80 02 264 0.82 0.14 Yes
1 78.0 741 732 264 082 0.14 Yes
1?2 741 69.8 758 273 0.84 0.1t Yes
13 69.8 61.6 76.1 275 0.84 0.11 Yes
14 676 646 City of Spakane AWTP 1.28 129.7 491 0.933 1.13 Yes 3.64 94,0 0.99 0.912 0.44 Yos 819 298 0.89 0.20 Yes
"Spokane Cd 1X NPDES (lrec mass balance),xis\Data 300 cfs', 4/23/98
Page 3013
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. Spokane River M.Is Model: Cadmium .

Lake Coeur d'Alene Outlet at 2,000 cfs
NPDES Dischargers at Current Design Flows

pokane River Mode! Reaches Efffuent Cb ft
Spokane Effluent
River satio of Acute  Chronic  Efftusnt
model Down- Hardness fissolvadit dissolved dissolvad mests end
reach  Up-slream  siream (mg/ll.as Tofalrec. ofalrec. Dissolved Cdcriteria Cdcriteria  of-pipe
number  rivar mils river mile Flow (mgd) Flow (cfs) CaC03) Cd{ugl) cd Cd {ug/L) {uglL) {ug/L) ciileria?
0 - 117 Lake Cosur d'Alsna Outle!
1 "7 1086 Cily of Cosur d'Alene AWTP [ 9.28 145 1.52 0.893 1.38 554 1.38 Yas
2 108.6 104.7 Hayden Ares RSB POTW 13 2.0t 145 1.52 0.693 1.38 5.54 1.36 Yes
3 101.7 96.0 City of Pos! Fafls & Rathdrum POTW 31 4.80 145 1.52 0.893 136 5.54 1,36 Yes
(=]
1 4 96,0 93.0
[« 28
5 23.0 804 Libarty Lake POTW 1 1.55 145 1.52 0.893 1.36 5.54 1.36 Yes
[ 904 7.8
7 87.8 85.3 Kaiser Aluminum WTP 233 38.05 120 1.31 0.901 118 451 1.18 Yes
8 853 828
9 826 70.8 Infend Empire Paper Co IWTP 4 6.19 145 1.52 0.893 1.36 554 1.38 Yes
10 19.8 78.0
1" 780 74.1
12 4.4 6898
13 8o.8 676
14 676 646 Cily of Spokene AWTP " 68.08 145 1.52 0.893 1.38 5.54 1.36 Yos
muftiplier for municipal efffuent flow < 1
mulliplier for industrial sfMuent flow = 1
'Spokang Cd 1X NPDES ({rec maas balance).xIs\Dala 2000 cfs’, 4/30/98 .
Page 10!3
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‘ Lake Coeur d‘ﬁ! Outlet at 2,000 cfs '
NPDES Dischargersat Current Design Flows
Spokane Rivar Modal Reaches Aquifet/Tritwtary Inflow/Quiflow Reach Mass Balance Calculatit
Check of
mass
balance
with
regression
Chack of esiimate of
mass 90%tils
balance Mass  diss. Cdat
Mass Mass with balance  RM 66

balanca  balance regression Ratio of Mass  dissolved basedon
hardnass hardness 10(h %liile dissolved! balance Cd at CH2M-
alup-  atdown- hardness tolalrec. dissolved down-  Hil's data

Spokans Inflow Flowat  slream stream from Cd at Cd at slream  compilatio

River hardness  Inflow Flowat  down- endof  endof  Pellalier  down. wupstream endof nandlog-

model Down- Inflowor (mgilas dissolved upstream  siream reach reach 1694 stream endol reach after log cubic

reach  Up-stream siream outflow  Ca03) Cd(ugl) end of endol (mgtas (mgillas (mpilas endof reach  complele regression

numbar  river mile  rivar mile (cfs) (z:) (3) reach (cfs) reach (cfs) C{lCOS) CaC03) CaCO3)  reach (ug/l) mixfugll) (ugll) (3)
0 - 1.7 Lk CDA Qutlet (1) 2,000 20 0.3t - 2,000 - 200 na 0976 - 0.31
1 1.7 1068 2,000 2,009 200 206 na 0975 031 0.32
2 108.6 10t.7 2,009 2,011 208 207 na 0975 032 032
3 101.7 96.0 Aquilar inflow/Outflow -2527 na na 2,011 1,991 20.7 210 na 0974 032 0.32
? 4 96.0 93.0 Aguiter inflow/Outflow -10.84 na na 1,991 1,980 210 210 na 0.974 032 032
~ 5 93.0 804 1,980 1,982 210 21.1 na 0974 032 032
6 80.4 818 1,982 1,982 211 214 na 0974 032 032
7 878 85.3 Aquifer inflow 385.30 85.0 0.008 1948 2,367 211 33.0 n 0.955 0.32 0.26
3 853 828 2,387 2,367 330 330 na 0.955 028 026
9 828 79.8 Aquifar Quiffow -258.20 na na 2,387 2,047 33.0 3.3 na 0.955 028 0.29
10 799 180 Aquifer inflow 451.40 85.0 0.008 2,117 2,568 333 424 na 0.945 0.29 023
1 780 749 Aquiler Qutflow -179.70 n na 2,568 2,389 424 424 na 0.945 023 023
12 744 68.6 Hangman Cr + Aquifer 178.40 85.0 0.008 2,389 2,567 424 45.4 na 0.942 023 022
13 69.8 878 Aquifer Inflow 4275 5.0 0.008 2,567 2,610 454 480 na 0.941 022 o1

14 878 648 Aquifar Inflow 58.30 85,0 0.008 2610 2,138 46.0 493 na 0.939 021 024 na

(1) dissolved Cd was astimated to meet the chronic criteria at ihe take CDA oulls!

{2) squifer hardness assumad to be; 85 mg/L as CaCO3 based on comparisan of Pellstiar (1994) regression estimate of 10%tile
for stution 54A120 with mass balance estimate. Lake CDA cullet hardness asssumed to be 5%lils 20 mg/L as CaCO3.
{3) aquifer diss Cd assumed to be; 0.008 ug/ basedon i of regressi i for diss Cd al RM 66 (CH2M-Hill, 1997)

with mass balance eslimale for downstream end reach.

‘Spokans Cd 1X NPDES (lrec mass balance) xis\Oata 2000 cfs', 4130198
Page20f3
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Spokane River M‘ls Model: Cadmium
L.ake Coeur d'Alene Qutlet at 2,000 cfs
NPDES Dischargers at Current Design Flows

Spokane River Mods| Reaches NPDES Dischargers Acute Mixing Zone Y Chronfc Mixing Zone Boundary Complate Mix
s
Mass Maals
balance  chronic
Hardness dissolved  crileria
Ratio of Moals Ratio of Meets at down- Cdat aftar
Acute dissolved/ aculy Chronic dissolved/ chronic slrsam down-  complets
Spokana dilution  Hardness total rec. criteria at dilution  Hardness © lotalrec. Dissolved criteria at end of stream mix at
River faclor  atacute  Acute Pbat  Dissolved acule factor  atchronic  Chronic Pbat  Cdconc.  chronic reach afler  Acute Chronic  and of down.
madat Down- (allowing boundary dissolved mixing Cdconc.  mixing (atlowing boundary dissolved mixing atchronic  mixing p dissolved dissolved reach after straam
reach  Up-siream  stream 25%o0f (mg/Las Cdcriteria  zone atacule 20ne 25%af (mg/Las Cdurileria  zone  boundary  zone mix (mg/l. Cdcriteria Cdcrilaria complete  end of
number  river mile river mile siver low) CaCO3)  (ugl) b Y boundary boundary? riverflow) CaCO3)  (ugll) boundaty  (ug/l) boundary? asCaCO3) (upl) {ug/l) mix (ug/l) reach?
g - 1.7 20.0 065 0.3 [1X:}] Yes
1 1117 106.6 City of Cosur d'Alens AWTP 6.39 398 1.35 0.983 0.50 You 54.88 223 0.34 0972 033 Yes 206 067 032 0.32 Yes
2 1088 101.7 Hayden Area RSB POTW 2597 254 084 1.001 037 Yes 250,74 211 0.33 0974 0.32 Yes 207 067 0.32 0.32 Yes
3 101.7 96.0 City of Post Falls & Rathdrum POTW 11.48 ns 1.08 0.992 043 Yes 105.64 219 033 0973 033 Yes 210 068 0.32 032 Yes
4 9.0 00 20 068 0.32 0.32 Yos
5 93,0 204 Liberty Lake POTW 33.00 248 081 1.002 037 Yos 320.06 214 033 0.974 033 Yes 211 068 0.33 0.32 Yes
6 904 a7.8 211 0.68 033 032 Yes
7 878 853 Kaiser Aluminum IWTP 235 83.2 225 0.983 072 Yes . 14.49 219 0.40 0.962 038 Yes 330 1.11 0.45 028 Yes
] 85.3 826 330 111 045 028 Yes
9 826 79.8 Inland Empire Paper Co IWTP 10.56 436 1.54 0.879 0.40 Yes 98.62 342 047 0.954 029 Yes 333 1.12 046 029 Yes
10 78.8 780 424 146 0.55 0.23 Yes
11 180 744 AZA 1.46 0.55 0R Yos
12 74.9 69.8 45.4 1.57 0.57 0.22 Yes
13 69.8 618 46.0 1.60 0.58 0.21 Yes
14 876 646 City of Spokane AWTP 1.8 6.6 356 0.945 084 Yeos 10.58 554 067 0.934 033 Yes 49.3 1.72 061t 024 Yes
‘Spokans Cd 1X NPDES (irec mass balance).xIs\Data 2000 cfs', 4/30/98
Page 3 of 3
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Lake Coeur d'AIQJutlet at 20,000 cfs
NPDES Dischargers-at Current Design Flows

Spokana Rivar Mode! Reachss Effuent Chay
Spokane Efffuent
River ratio of Acute  Chronic  Efflusnt
maode! Down- Hardnoss dissolved/t issolved  dfi meats end
reach  Up-siream  stream (mg/l. as Tolalrec. olslrec. Dissolvad Cdcriteria Cdcriteria  of-pips
numbar  rivermile river mile Flow (mgd) Flow (cfs) CaCO3) Cd {up/l) ¢cd  Cd(ugl) (ugit) {ug/l) crileria?
0 - mz Lake Cosur d'Alene Outlet
1 ny 1068 Cityof Cosur d'Alens AWTP [] 9.28 145 1.52 0.893 136 5.54 1.38 Yes
2 1066 101.7  Hayden Aroa RSB POTW 13 20 145 1.52 0.893 1.38 5.54 1.38 Yes
3 101.7 9%6.0 Ciy of Post Falls & Rethdrum POTW pA] 480 145 1.52 0,893 138 5.54 1.38 Yas
4 96.0 930
5 830 904 Liberfy Luke POTW 1 1.55 145 1.52 0893 1.38 554 1.38 Yes
[} 804 578 ‘
7 87.8 85.3 Kaiser Aluminum IWTP 23 3805 120 1.31 0601 118 451 118 Yes
8 853 928
9 828 798 Infand Empire Paper Co IWTP 4 8.19 145 1.52 0,003 1.38 5.54 1.38 Yeas
10 798 8.0
LA 780 .t
12 741 898
13 898 616
14 878 846 City of Spokans AWTP “ 86,08 145 1.52 0.893 1.36 §.54 1.36 Yos

mulliplier for municipa) efffuent flow «
muftiplier for industrial efffuent flow = 1

‘Spokans Cd 1X NPDES (irac mass balance).xis\Data 20000 cfs', 4/30/98
Page1of3



Spokane River MQIs Model: Cadmium

Lake Coeur d'Alene Outlet at 20,000 cfs
NPDES Dischargers at Current Design Flows

P River Model Reach Agquifer/Tributasy Inflow/Outfiow. Reach Mass Balance Cal
Chack of
mass
balance
with
regrassion
Check of estimate of
mass G0%tile
balance Mass  diss. Cdat
Mass Mass with balance  RM 66
balance  balance regression Ralio of Mass  dissolved based on
hardness  hardness 10th %tile dissolved! balance Cdat CH2M-
alup-  atdown- hardness lolalrec. dissolved down-  Hili's data
Spokane Inflow Flowat  stream  stream from Cdat Cd at stream  compilatio
River hasdness  Inflow Flow at down- end ol endof  Pellelier  down-  upstream endof n and log-
mode| Down- Inflowor {myil as dissolved upsirsam  stream reach reach 1994 stream endof reach afier log cubic
reach  Up-stream  slream outflow  CaCOJ) Cd{ugt) end of endof (mp/lLas (mg/las (malas endof reach  complete regression
number  river mile  river mile (cfs) {2) 3) reach (cfs) ragch (cfs) CaCO3) CaCO3) CaCOI)  reach (ug’l)  mix (uglt) (ugll) (3)
0 - 17 Lk CDA Qutlet (1) 20,000 20 0.31 - 20,000 - 2090 na 0976 - 0.31
1 1117 106.8 20,000 20,000 200 201 na 0978 0.31 0.31
2 106.6 101.7 20,009 20,011 201 201 na 0.976 0.31 0.3
3 101.7 96.0 Aquifer Inflow/Outtow -88.01 na na 20,011 19,928 204 20.% na 0.976 0.31 o
o !
._l_l 4 6.0 830 Aquifer Inflow/Outflow -37.08 (i} na 19,928 19,891 201 201 na 0.978 0.34 0.31
(=4 5 93.0 904 19,691 19,893 204 201 na 0.976 0.31 0319
8 904 87.8 19,893 19,803 201 20.1 na 0978 031 0.31
7 87.8 853 Aquiter inflow 481.84 85.0 0.008 19,857 20,374 20.1 218 na 04973 0.3t 0.31
8 853 828 20374 20,374 218 28 na 0973 031 031
9 826 9.8 Aquifer Qutflow ~256.20 na na 20374 20,424 218 219 na 0.973 0.34 0.3%
10 798 780 Aguifar Inflow 564.25 85.0 0.008 20,124 20,688 ne 238 na 0.969 0.31 0.30
1" 78.0 741 Aquilsr Qutffow -179.70 na na 20,688 20,509 238 236 na 0 949 030 030
12 744 698 Hangman Cr + Aquifer 211,97 85.0 0.008 20,509 20,727 236 242 na 0.968 030 020
13 9.8 678 Aquifer inflow 42,15 85,0 0.008 20,727 20,769 242 244 na 0.588 030 029
14 678 648 Aguifer Inflow 58.30 85.0 0.008 20,769 20,898 244 249 na 0.967 029 0.30 na

(1) dissolved Cd was sstimated to mast the thronic critarin al the Lake CDA oulist

{2) aquifar hardnass assumed to be:

rog/L as CaCO3 based on comparison of Pelleliar (1994) regression estimate of 10%tile

for station 54A120 with mass balanca estimate. Lake CDA aullet hardness asssumed to ba 5%tile 20 mp/L. as CaCO3.

(3) aquifer diss Cd assumad to be: 0.008

with mass balance astimate for downsiraam end reach.

ug/L based on f of rag: for diss Cd at RM 88 (CH2M-Hill, 1997)

‘Spokane Cd 1X NPDES (rac mass balance).xis\Data 20000 cfs’, 4/30/08

o
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. Lake Cosur d'A,Outlet at 20,000 cfs ‘

NPDES Dischargers at Current Design Flows

__Spokane River Modal Reaches NPDES Discharp Acute Mixing Zone Boundary Chronic Mixing Zons Boundary Comiplate Mix

Mass Meels
balance  chronic

Hardnass dissolved  criteria
Ratio of Maats Ratio of Meets at down- Cdat after
Acute dissalyed/ uouts Chwranie: dissolvad! chronie stream down-  complate
Spokane dilution  Hardness tolal rac. critoria at dilytion  Hardness totalrec. Dissolved crileria at end of stream  mixal
River facter  ataculs  Acule Pbat  Dissolved acuts factor  atchronic  Chvonic Pbat Cdconc. clvonic reach afler  Acute Chronic  end of down.
maodel Down- (all @ boundary dissolved mixing Cdconc.  mixing (allowing b y dissolved mixing atchronic  mixing plete  dissol i reach afler  stream
raach  Up-stream  stream 25%af (mg/las Cderiteria zons atacute = zone 25%of (mgltas Cderteria  zone boundary  zone mix (/L. Cd criteria Cd criteda complets  end of
numbar  river mila  river mile river flow) CaCO3)  (ugll) boundary boundary boundary? riverflow) CaCO3)  (uglh) boundary (ugll) boundary? asCaCO3) (ugl) {ug/t) mix (ug/l) reach?
0 - maz - 200 065 0.31 o3 Yes
1 111.7 1066 City of Cosur d'’Alena AWTP 54.88 223 073 1.007 034 Yes 5396t 202 032 0.976 0.3t Yes 204 065 031 031 Yes
2 1066 101.7 Hayden Area RSB POTW 249.70 206 087 1.010 033 Yeos 2485,03 201 031 - 0976 (%3] Yes 208 065 031 0.31 Yes
3 101.7 08.0 City of Post Falls & Rethdrum POTW 105.34 213 089 1.009 0.34 Yos 1044.05 20.2 032 0.978 031 Yas 204 065 0.3 on Yes
o .
'.!.1 4 96.0 983.0 20.1 0.65 031 0.3r Yes
L 5 93.0 904 Liberty Lake POTW 32240 205 068 1010 033 Yas 321504 201 0.31 0.976 031 Yos 204 065 0.31 031 Yes
8 904 878 ’ 201 065 0.31 03t Yos
7 87.8 85.3 Kaiser Aluminum IWTP 14.77 289 0.89 0.999 039 Yos 138.70 208 0.32 0.975 0.32 Yes 8 0.71 0.33 [X3] Yes
8 853 828 218 on 033 0.3 Yes
9 828 798 Inland Empire Paper Co IWTP 83.30 233 0.78 1.005 033 Yas 824.03 220 0.34 0972 0.31 Yes 219 on 033 0.3 Yeos
10 798 760 236 077 035 0.30 Yes
At 78.0 741 - . A . . . . 236 0.77 0.35 0.30 Yes
12 7414 69.8 24.2 0.80 0.36 0.30 Yas
13 69.8 878 244 080 0.36 029 Yes
14 876 648 City of Spokane AWTP 8.63 383 131 0.984 0.44 Yes 7721 259 038 0.965 0.31 Yeos 249 0.82 037 030 Yes

‘Spokane Cd 1X NPDES (trec mass balanca).xls\Data 20000 cfs', 4/30/08
Pago Jof 3
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Appendix D.2

Results for Lead
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Dissolved Pb after complete mix at current effluent design flows.
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Dissolved Pb after complete mix at 20X current design flows.
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Lake Coeur d' Outlet at 300 cfs '
NPDES Discharge! Current Design Flows

__Spokans River Modal Reach Effluent C|
Total rac.
Spokane X Phfrom  Effluent
River total rec, ralio of dis- Acule Chronic  Effluent
model Down- Hardness  tangent  solved/ dissolved dissolvad meels end-
reach  Up-siream  stream {mp/Las aeguation (otslrec. Dissolved Pbcriteria Pbcriteria  ol-pipe
number  rivermils  river mile Flow (mgd) Flow(cfs) CaCO3)  (ugil) Pb Pb(ugll)  (ugl) (ug/L) criteria?
0 - 111.7  Laks Coeur d'Alana Quilet
1 1117 1086  CHyof Cosur d'Alens AWTP [} 928 145 37 0.737 27 98.5 KX} Yeos
2 1068 101.7  Hayden Area RSB POTW 13 2.0t 145 37 0.737 27 965 38 Yas
3 10t.7 96.0  Ciy of Post Fafls & Rathdrum POTW 34 480 145 37 0.737 27 96.5 38 Yes
4 96.0 910
5 81.0 90.4 Liberty Lake FOTW 1 1.55 145 3r 0.737 27 96.5 38 Yes
4 904 878
7 87.8 853  Kaiser Aluminum IWTP 233 38.05 120 .0 0.764 23 7 3.4 Yes
8 853 828 .
9 826 798 Intand Empire Paper Co IWTP 4 6.19 145 ar 0.737 27 6.5 38 Yes
10 798 78.0
,' 1 780 741 . .
12 44 69.8
13 698 8718
14 878 648 City of Spokane AWTP 4 68.08 145 .7 0.737 27 8.5 38 Yes

multiplier for municipal eMuent flow = 1
multiplier for industrist efMuent flow = 1

‘Spokane Pb 1X NPDES (irec mass balance).xis\Dala 300 cfs’, 4/30/98
Page tof3
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Spokane River*tals Model: Lead
Lake Coeur d'Alene Outlet at 300 cfs
NPDES Dischargers at Current Design Flows

Spokane River Mods! Reaches Aquifer/Tributary Inflow/Outflow Reach Mass Balance Cafculations .
CHBLKTUT
: mass
balance
with regres
sion
estimale of
90%tile
Check of diss. Pb st
mass RM 66
batance Mass based on
Mass Mass  with regres Mass balanca  CH2M-
balance  bslance  sion 10th balance  dissolved Hill's data
hardness  hardness %ile . Ratioof dissoived Pbatdown comp-
Spokane Inflow Flow a! alup- atdown-  hardnass  dissolvad/ Pbal  streamend ilation and
River hardness  Inflow Flow st down-  siream end strasmend  from total rec.  upstream  ofreach  log-log
mode! Down. inflowor (mg/iLas dissclved  upstream streamend ofreach  ofreach  Pelletier Pbatdown endof afer cubie
reach  Up-stream  siream outfaw  CaCO3) Pb (upll) endof  ofreach (mg/lLas (mg/l as 1894 (my/l. sreamend reach complsle regres-sion
number  rivermile  river mile {cfs) ) ) reach {cfs)  (cfs) CaCO3) CaCO3) asCaCO3) ofreach (uglt)  mix{ugll) (ug/l)(3)
[ - 1117 LkCDA Outlst (1} 300 20 041 - 300 - 200 na 1.000 - 041
1 "z 1088 300 309 200 238 na 1.000 0.41 0.5
2 106.6 101.7 309 3N 238 24.5 na 0.996 0.51 053
3 101.7 98.0  Aquifer inflow/Qutflow 28,05 85.0 0.09 p1t 44 245 IR na 0.961 0.53 0.52
4 98.0 93.0  Aguifer Inflow/Qutflow 1Hs 85.0 0.09 344 356 3.9 329 na 0.953 052 0.50
3 93.0 904 356 357 29 334 na 0.95¢ 0.50 0.51
[} 90.4 878 387 357 334 334 na 0.951 0.5% 0.51
7 878 85.3  Aquifer inflow 303.42 85.0 009 321 861 334 61.8 na 0.861 0.51 0.40
L} 85.3 828 661 661 618 61.8 na 0.86% 0.40 0.40
9 826 70.8  Aquifer Outflow -256.20 na na 661 a4 61.8 83.1 na 0858 0.40 0.48
10 798 78.0  Aquifer Inflow 35547 850 0.09 L33] 768 631 732 na 0.838 048 0.28
1A 8.0 74.%  Aquifer Outflow -179.70 na na 168 587 732 732 na 0.838 0.28 0.30
12 741 69.8 Hangman Cr + Aquifer 144,17 85.0 0.09 587 731 732 756 na 0.832 0.30 0.28
13 69.8 87.8  Aquifer Inflow 4275 850 0.09 ™ 77 756 76.1 na 0831 025 024 }
14 676 84.6 Aquifer Inflow 58.30 85.0 0.09 774 904 7614 81.9 na 0820 0.24 044 na
' {1) dissolved Pb was estimated to maat the chronic criteria at the Lake CDA outle!
(2) aquifer hardnoess assumed to be: 85 mg/L. as CaCO3 based an comparison of Pellstior {1934) regrossi of 10%tile
for station 54A120 with mass balsnce estimate. Lake CDA outlet hardness asssumad to be 5%file 20 mg/l. as CaC0d.
(3) aquifer diss Pb assumed (o ba; 009  ugl based on comy of reg i for diss Ph at RM 66 (CH2M.Hill, 1997)

with mass balance estimate for downstream end reach.

"Spokane Pb 1X NPDES (lrec mass batance).xis\Data 300 cfs', 4/30/98
Pags 20f3
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. L.ake Coeur d', QOutlet at 300 cfs '

NPDES Dischargers at Current Design Flows

Spokane River Modal Reach, NPDES Dischargers Acute Mixing Zone Boundary Chronic Mixing Zone By )4 Complate Mix
Mass Maals
Hardness balance  chronic
Ratio of Meats Ralio of Meels at down- dissolved  critaria
Acule dissolved/ acute Chronic dissolved/ chronic  stream end Phatdown  aftar
Spokane diltion  Hardness folal rac. ciitoriaat  dilution  Hardness total rec.  Dissolved criterin st of reach streamend complele
River faclor at acule Acuts Pbat  Dissolved  acute factor  atchronic  Chronic Pbat  Pbconc.al  chronic after Acule Chranic  of reach mix at
madel Down- ¢ ing boundary dissol mixing Pbconc. at  mixing i t y dissolvad  mixing chronic mixing I dissol dissolved after down-
reach  Up-stream  stream 25%cf (mg/Las Pbcriteria  zone scule zone 25%of (mglas Pbciitedia  zons boundary zone mix {mg/l.  Pbcriteria Pbcriteria complele  stream end
number  rivermile  river mile rvar flow) CaCO3) {ug/l)  boundary boundary boundary? riverflow) CaCO3) (ug/l)  boundary  {ug/l) boundary? asCaCO3) (ugll) (ug/l)  mix(uglt) of reach?
[ - 1147 200 105 o4 041 Yas
1 117 1068  Cilyof Cosur dAlens AWTP 1.81 89,1 57.0 0.808 1.8 Yos 8.08 08 . 0.78 0.949 0.73 Yes 238 131 0.51 0.51 Yos
2 106.6 101.7  Haydan Area RSB POTW 4.84 488 293 0.898 1.0 Yeos 39.44 208 0.59 0.883 0.58 Yes 245 138 053 0.53 Yos
vy 3 101.7 96.0 City of Post Falls & Rathdrum POTW 262 705 4.0 0.842 1.5 Yos 17.23 N5 0.70 0.959 0.68 Yes 3.t 17.8 069 0.52 Yas
]
L iond 4 980 T 930 R2s 189 074 0.50 Yes
(o))
§ 93.0 904 Liborty Lake POTW 8.75 49.5 299 0.893 08 Yes 58.5¢ 348 0.79 0.945 0.54 Yos 33.4 192 0.75 051 Yes
[ 90.4 87.8 334 192 075 0.51 Yes
7 87.8 853 Kaisor Aluminum IWTP 1.22 104.2 875 0.785 20 Yos 323 60.2 1.44 0.865 1.13 Yes 818 381 149 040 Yeos
8 853 828 61.8 38,4 149 0.40 Yes
9 828 798 Intand Empire Paper Co IWTP 387 845 537 0.818 it Yeos 21.70 B4l 157 0.854 0.50 Yes 831 no 152 0.48 Yeos
10 798 780 732 45.9 1.78 0.28 Yes
" 780 74.1 732 45.9 1.78 0.30 Yes
12 74.1 698 . 758 475 1.85 0.25 Yos
13 69.8 87.8 764 479 1.87 0.24 Yes
14 876 64.86  City of Spokane AWTP 1.28 129.7 858 0.753 22 Yes 3.64 940 235 0.800 094 Yes 81,9 519 202 044 Yos

'Spokans Pb 1X NPDES (rec mass balance).xis\Data 300 cfs’, 4/30/98
Pagadal3



. Spokane Rwe‘tals Model: Lead ‘

Lake Coeur d'Alene Outlet at 2,000 cfs
NPDES Dischargers at Current Design Flows

Spokans Rivar Modal Reachas Effluenl Chi istics
Total rec,
Spokans Pbfrom  Efflusnt
River total rec. ralio of dis. Acute Chronic  Effluent
model Down- Hardness  tangent  solved/ dissolved  dissolved meets énd-
reach  Upstream  stream (mgil.as equstion tolalrec. Dissolved Pbuileria Pberleria  of-pipe
number  river mile  river mils Flow (mgd) Flow (cfs) CaCO3) {ugil} Pb Pb (uglt) {ug/L) {ug/L) criteria?
0 - 111.7  Lake Cosur d'Alsne Outlet
1 mz 1086  CHy of Coour d'Alene AWTP 8 9.28 145 37 0.737 27 98.5 kX Yos
2 106.6 101.7  Hayden Area RSB POTW 13 201 145 ar 0.737 27 98.5 38 Yes
o 3 101.7 86,0  Cily of Post Falls & Rathdrum POTW 3 4.80 145 ar 0.737 2.7 9.5 38 Yes
|
- 4 9.0 930
\l
5 83,0 804 Liberty Lake POTW 1 1.55 145 a7 0.737 27 96.5 X} Yes
6 904 87.8
7 878 85.3  Kaiser Aluminum tWTP 23 38.05 120 a0 0.764 . 23 87 31 Yes
8 853 828
9 828 798 Inland Empirs Faper Co IWTP 4 6.19 145 ar 0.737 27 9.5 38 Yes
10 79.8 78.0
1" 780 M4
12 744 69.8
13 69.8 618
14 878 64.6 City of Spokane AWTP H“ 68.08 145 37 0.737 27 96.5 38 Yes

multiplier for municipal efffuent flow = 1
muttipliar for industrial efffuent flow = 1

'Spokans Pb 1X NPDES (irac mass belance).xis\Data 2000 cfy’, 4/23/98
Page 1 of3
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Outlet at 2,000 cfs

‘ Lake Coeur d"

NPDES Dischargers at Current Design Flows

Spokane River Modal Reachas Aquifer/Tributary inflow/Outitow Reach Mass Balance Calculstions g
Checkof
mass
batance
with regres
sion
astimata of
90%lite
Chuck of diss. Pb at
mass RM 66
balance Mass  bassdon
Mass Mass  with regres Mass balance  CH2M-
balance  balance  sion 10th balance  dissolved Hill's data
hardness hardness  %file Ratio of  dissolved Pbatdown comp-
Spokane Inflow Flow al atup- atdown- hardness dissolved/ Pbal  slreamend ilation and
River hardness  Inflow Flow al down-  stream end sireamand  from total rac. upsWeam ofreach  log-log
mode} Down. Inflowor (mg/Las dissolved  upstream streamend ofreach  ofreach  Pallstier Pbatdown endof after cubic
reach  Up-stream  slream oulffow  CaCO3) Pb{ugl) sndof  ofreach (mg/las (mg/Las 1904 (mg/L streamend  reach  complele regres-sion
pumber  river mile  river mils (cfs) ) 3) raach (cfs)  (cfs) CaCO3} CaCO3) 2sCaCO3) of ranch (ugll)  wix (ugL) (ugl) (3)
0 - 117 Lk CDA Quilet (1) 2,000 20 o4 - 2000 - 20.0 na 1.000 - 0.41
1 "7 1088 2,000 2,000 20.0 2086 na 1.000 041 043
2 1088 101.7 2,008 201 208 207 na 1.000 043 043
3 101.7 98,0 Aquifer nflow/Outflow -25.27 na ne 2011 1,981 207 210 na 1.000 043 044
- .
’L 4 96,0 930  Aquifer Inflow/Qutflow -10.64 na '} 1891 1,980 210 21,0 na 1,000 D44 0.44
o 5 930 904 1980 1982 210 214 na 1000 044 044
8 904 878 1,962 1,982 a4 214 na 1000 044 044
7 878 853  Aquifer inflow 385.30 85.0 0.09 _!,946 2,387 21.1 33.0 na 0,953 0.44 0.40
8 853 826 2387 2,387 33.0 3.0 na 0,953 ’ 040 040
9 826 798  Aquiler Outffow -256.20 na o8 2,387 2,447 33.0 333 na 0.951 0.40 0.41
10 798 780  Aquifer Inflow 451.40 850 0.08 2,117 2,568 333 424 na 0.916 041 034
1 780 744 Aquifer Outflow -178.70 na na 2,568 2,388 424 424 na 0.918 034 0.34
12 741 69.8 Hangman Cr + Aquifer 17840 85.0 0.09 2,389 2,587 424 454 na 0.908 034 032
13 69.8 878 Aquifer Inflow 4215 85.0 0.09 2,567 2810 454 46.0 ne 0.904 0.32 0.32
14 a7 8468  Aquifer Inflow 58.30 85.0 0.09 2810 2,736 46.0 49.3 na 0.894 032 0.38 na

{1) dissolvad Pb was estimatsd to mest the chronic criteria st the Lake CDA outlat

{2) aquifer hardnass assumed to ba:
for station 54A120 with muss batance estimata. Lake CDA outlst hardnass ussumed to bs 5%tile 20 mg/L. as CaCO3.

(3) aquifer diss Pb assumed to be: 009  upl based on comp ol reg i
wilh mass balanca estimata (or downstream end reach.

‘Spokans Pb tX NPDES (irec mass bslance) xis\Data 2000 cfs’, 4123/98
Page 20!3

85 mg/L. as CaCO3 based on comparison of Pelletier (1994) regression sstimate of 10%tile
for diss Pb at RM 66 (CHZM-Hill, 1957)
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Lake Coeur d'Alene Outlet at 2,000 cfs

NPDES Dischargers at Current Design Flows

Spokane River Model Reaches NPDES Dischargers Acute Mixing Zone Boundary Cheonic Mixing Zona Boundary plate Mix
Mass Muels
Hardness balance  chronic
Ratio of Meats Ratio of Meets at down- dissolved  crileria
Acuts dissolved/ zcute Chranie dissolvad/ chronic  stream end Pbatdown  after
Spokans difulion  Hardness total rec. criterin al difotion  Hardnass totalrec.  Dissolved criteriaal o reach streamend  complete
River factor ataculs Acute Pbat  Dissolved  mcule factor  alchronic  Chronic Pbat Pbconc.al chronic after Acute Chronic  of reach mix at
maodel Down- (allowing L jary di 4  mixing fhoonc sl mixing {allowing b y dissolved  mixing chronic mixing f dissolved  dissolved after down-
reach  Up-slream  siream 2.5%of (mgil.as Pbcriteria  zone acute 20ne 25%of  (mg/Las Pberiteria zone boundary zone mix (mg/L Pbcrileria Pbcriteria complele strsam end
number  rivar mile  river mils rivarflow) CaCO3) (up/l)  boundary boundary y? riverflow) CaCO3) {ug/l)  boundary (upll) boundary? asCaCO3) (ugl) (ug/l)  mix (ug/t) of reach?
0 - 1.7 20.0 10.6 o4 0.41 Yes
1 11.7 106.8  City of Cosur d'Aleno AWTF 8.39 386 232 0.926 09 Yes 54.88 223 047 1,000 047 Yes 208 109 043 0.43 Yeos
2 106.8 101.7  Hayden Ares RSB POTW 25.97 254 14.4 0.991 05 Yes 250.74 214 044 1.000 0.44 Yes 20.7 1.0 043 043 Yos
3 104.7 6.0 City of Post Falls & Rathdrurm POTW 1148 s 18.0 0.959 0.7 Yeas 105,84 219 048 1.000 048 Yes 210 11.2 0.44 044 Yas
4 96.0 a0 210 112 044 044 Yes
5 93.0 90.4 Liberly Lake POTW 33.00 248 13.7 0994 0.5 Yes 320,98 214 045 1.000 045 Yes 211 1.3 0.44 0.44 Yes
6 an4 878 211 13 044 044 Yeos
7 818 85.3 Kaiser Aluminum IWTP 235 63.2 391 0.858 13 Yeos 14.49 27,9 0.61 0.977 060 Yes 330 19.0 0.74 040 Yeas
8 85.3 826 330 180 0.74 040 Yo
9 826 798 Intand Empire Paper Co VTP 10.58 46 259 0912 07 Yos 96.62 342 0.77 0.947 043 Yes 33 19.2 0.75 041 Yes
10 79.8 78.0 424 251 098 034 Yeos
1 1m0 4.1 424 - 281 098 0.34 Yos
12 741 69.8 A5.4 274 1.05 0.32 Yes
13 698 67.8 46.0 215 1.07 032 Yes
14 678 846 City of Spokans AWTP 1.98 96.6 622 0.768 16 Yeos 10.58 554 1.32 0.877 0.58 Yes 493 29.7 1.16 0.38 Yes
‘Spokane Pb 1X NPDES (rec mass balance).xis\Dala 2000 cfs', 4/23/58
Paga3of3
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’ Lake Coeur d'AQOutIet at 20,000 cfs .

NPDES Dischargers at Current Design Flows

Spokane River Mods! Reach EMuen! Characteristics
Total rec.
Spokane Pbfrom  Effiuent
River total rec, ratio of dis- Aculs Chronic  Effluent
model Down- Hardness  tangent  solved/ dissolvad dissolved mests end-
reach  Up-siream  stream ' (mg/las  equation ftotalrec. Dissolved Pberiteria Pberiteria  of-pipe
number  river mile  river mile Flow (mgd) Flow(cfs) CaCO3)  (ugll) Pb Pb(ugil)  (ugl) {ugit) criteria?
0 - 111.7  Lake Coour dAlane Outlet
1 11,2 1088  City of Cosur d'Alene AWTP [] 9.28 145 37 0.737 27 96.5 38 Yes
2 108.8 104.7  Hayden Area RSB POTW 13 201 145 a? 0.737 a7 96.5 38 Yeos
o 3 101.7 96.0  City of Post Falls & Rathdrum POTW 3t 4.80 145 37 0.737 27 9.5 38 Yes
L
8 4 06.0 3.0
5 93.0 904 Libarly Lake POTW 1 1.55 145 37 0.737 27 96.5 38 Yeos
[ 804 are
7 87.8 853 Kaisar Aluminum fWTP 233 38.05 120 30 0.764 23 8.7 31 Yeos
8 853 026
9 028 798 Inland Empire Paper Co INTP 4 619 145 37 0.737 27 96.5 38 Yes
. 10 788 780
1" 780 74,4
12 741 69.8
13 698 676
1" 878 848 Cily of Spokane AWTP 4 68.08 145 37 0.737 21 6.5 38 Yes

mulfiplier for munlci}:al offfuont flow = 1
multiplier for industrisl efMuent fow = 1

*pokane Pb 1X NPDES (lrec muss balance).xis\Dala 20000 cfs', 4130/08
Page 1013



Spokane River*tals Model: Lead

|.ake Coeur d'Alene Qutlet at 20,000 cfs
NPDES Dischargers at Current Design Flows

Spokane River Model Reaches Aquifar/Tribulary inflow/Outflow Reach Mass Bal: Cale - L
Checkof
mass
balancs
with regres
sion
eslimate of
90%tile
Check of diss. Pb at
mass RM 66
batance Mass  basedon
Mass Mass  with regres ‘Mass balance  CH2M.
balance  balanca  sion 10th balance  dissolved Hill's data
hardness  hardnass Ytile Ratioof  dissolyed Pbatdown comp-
Spokane Inflow Flow at atup-  aldown- hardness dissolved/ Pbal  streamend ilation and
River hardness  Inflow Flow at down-  stresmend streamend  from lotalrec.  upstream  ofreach  log-log
mada) Down- inflowor {(mg/L.as dissolved upstream streamend ofreach  ofreach  Pelletier Phatdown endof after cubic
reach  Up-stream  stream oulllow  CaCOJ) Ph (upl) ond of ofreach (mp/l.as (mgl as 1994 (mg/l sireamend  reach complela ragres-sion
number  tivermile  river mile {cfs) (2) {3) reach (cfs)  (cfs) CaC0O3) CaC03) asCaCO3) ofreach (uglly  mix(ugl) (ugit) (3)
] - 117 Lk CDA Outlet (1) + 20,000 20 041 - 20,000 - 200 na 1.000 - 0414
1 1117 106.8 20,000 20,009 200 2041 na 1,000 o9 0.41
2 108.6 101.7 20,009 20,011 201 20 na 1,000 04 0.41
o 3 101.7 98.0  Aguifer Inflow/Outltaw -88.01 na na 20,004 19,928 201 201 na 1.000 0.41 041
l‘!J 4 86.0 93.0  Aqguifer inflow/Outfiow -37.08 na na 19,928 19,891 201 20.t na 1.000 041 041
[
5 93.0 904 19,891 19,893 201 204 na 1.000 oNn 0.41
] 804 878 19,893 19,893 201 20.1 na 1.000 041 044
7 a7.g 853 Aquiter Inflow 481.64 85.0 0.09 19,857 20,374 20.1 218 na 1.000 o4 041
8 853 828 20,374 20,374 218 218 na 1.000 o4 0.41
] 826 798  Agvifer Outffow -256.20 na na 20374 20,124 248 21.9 na 1.000 0;41 041
10 9.8 780 Aquifer Inflow 564.25 850 0.0 20,124 20,688 21.9 238 na 1.000 041 040
i - 780 741 Aquifer Outflow <1970 . . ma na 20,688 20,509 238 238 na 1.000 0.40 0.40
12 4.9 898 Hangman Cr + Aquifer 217.97 85.0 0.09 20,509 20,727 238 4.2 na 0.698 0.40 0.40
13 69.8 878  Aguiter Inflow 4275 85.0 00d 20,727 20,769 242 244 na 0.997 0.40 0.40
" 876 64.8  Aquiler Inflow 58.30 85.0 0.09 20,769 20,898 244 249 na 0.994 0.40 o4 na

(1) dissolved Pb was estimated to maat the chronic critaria at the Lake CDA ouliet 5
{2) aquifer hardnass assumed lo bo; 85  mg/L as CaCO3 based on comparison of Pellatiar {1894) regrassion estimate of 10%tile
for station 54A120 with mass balance estimate. Lake CDA outlet hardness asssumed fo ba §%tile 20 my/l, as CaCO3.

(3) aquifer diss Pb assumad (o be: 008 ugl basedon on of reg i for diss Pb at RM 66 (CH2M.Hilt, 1997)
with mass bal for end reach.
‘Spokans Pb 1X NPDES (trec mass balanca).xds\Dala 20000 cis', 4/30/98
Pago 2013
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Spokane Rivar Model Reachas

Spokane
River
model
reach  Up-siream

number  river mile  river mile

[

1

"7
108.6
1017
6.0
930
904
ars
853
828
708
780
"
698
678

Down-
stream

1.7
1086
101.7
9.0
93.0
00.4
878
853
826
708
780
741
69.8

678

o

NPDES Dischargers Acute Mixing Zons Boundsry Chronic Mixing 2one Boundary Complate Mix
Mass Mests
Hardness balanca  chranic
Ratio of Meols Ralio of Meels at down- dissolved  criteria
Acule dissolved/ acute Chronle dissolved/ chionic  streamend Pbaldown  afer
ditution  Hardnass total rec. criteriaat  dilulion  Hardness tolalrec. Dissolved criterinat  of reach stream end complete
factor atacute Acute - Pbal  Dissolved  acute factor  stchronic  Chronic Pbat  Phconc, at  chronic afler Acute Chronic  of reach mix at
(afowing boundary dissolved mixing Pbconc. al mixing (allowing  boundery dissolved  mixing chronic mixing p fved  dissol after down-
25%of (mplas Pbecriterin  zone acule zone 25%0of (mg/las Pbcileria  zone boundary zone mix {mg/l. Pbcriteria Pb crileria  completa stream end
river flow) CaCO3) {uglt)  boundary boundary boundsry? riverflow) CaCO3) {ug/l) boundary  (uglt) boundary? asCaCO3) (up/l) (ug/l)  mix {ug/l) of raach?
200 10.6 041 041 Yeos
City of Cosur d'Alene AWTP 54.88 23 122 1.000 0.5 Yos 539.61 2 042 1000 D42 Yos 20.4 108 0.41 0.41 Yes
Hayden Area RS8 POTW 249.70 208 1.1 1.000 04 Yeos 2488.03 201 o4 1.000 o4 Yes 20.1 108 041 0.41 Yes
City of Post Falls & Rathdrum POTW 105,31 213 118 1,000 04 Yes 1044.05 20.2 - 042 1,000 042 Yos 201 10.6 0.41 041 Yes
2041 106 041 041 Yeos
Liberty Lake POTW 322,40 205 1.t 1.000 04 Yes 3215.04 204 041 1.000 041 Yes 201 108 0.4 0.41 Yeos
2041 106 0.41 0.41 Yos
Kaiser Aluminum IWTP 1“7 2689 15.1 0.982 08 Yes 138.70 20.8 043 1.000 043 Yes 218 1.8 0.46 0.41 Yes
218 118 048 044 Yos
Infand Empire Paper Co IWTP 83.30 233 128 1.000 04 Yes 824.03 220 048 1.000 0.4 Yes 21.9 1.8 046 o4 Yas
238 13.0 051 040 Yos
236 13.0 0.51 0.40 Yes
242 134 0.52 0.40 Yes
244 128 0.53 0.40 Yeos
City of Spokana AWTP 863 383 224 0934 07 Yes .27 259 0.58 0.988 044 Yes 249 13.8 0.54 0.41 Yos
‘Spokane Pb 1X NPDES (lrac mass balance).xis\Data 20000 cfs', 4/30/93
Pagedofd
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Appendix D.3

Results for Zinc




Dissolved Zn after complete mix at current effluent design flows.
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Dissolved Zn after complete mix at 20-year projected design flows.
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Dissolved Zn after complete mix at 50-year projected design flows.
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‘ Dissolved Zn after complete mix at 20X current effluent design flows.
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. Lake Coeur d’ Outlet at 300 cfs ‘
NPDES Dischargers at Current Design Flows
Spokana River Mods! Reaches Effuent Cha
Spokane Effivent
River ratio of Acute Chronic  Effluent
madef Down- Hardnoss dissolvedit df di d meets end
reach  Up-stream  slream (mgy/l.as Tolalrec. olalrec. Dissolved 2Zncriteria Zncriteria  of-pipe
number river mile  river mife Flow (mgd) Flow (cfs) CaCO3) 2Zn(ug/l) 2n Zn(ugl) {ug/l) {ugll)  criteria?
0 - "7 Lake Cosur d'Alsne Outlet
1 AR N4 106.6 City of Coeur d'Alene AWTP 8 928 145 1452 0.958 1432 158.8 143.2 Yes
2 106.8 101.7 Hayden Area RSB FOTW 13 201 145 1452 0.986 143.2 156.8 143.2 Yes
3 101.7 98.0 Cify of Post Falls & Rathdrum POTW 34 4.80 145 145.2 0.986 143.2 158.8 143.2 Yes
o .
1 4 960 93.0
[ 3]
~I 5 93.0 90.4 Liberty Lake POTW 1 1.55 145 1452 0.986 143.2 156.8 143.2 Yes
8 0.4 87.8
1 878 853 Kaiser Aluminum WTP 233 3805 120 1237 0068 1220 1338 1220 Yes
8 853 828
] 2.8 798 Inland Empire Paper Co IWTP 4 6.19 145 1452 0.968 143.2 156.8 143.2 Yes
10 798 780
1 8.0 741
12 A 698
13 69.8 6768
14 676 846 City of Spokans AWTP “ 68.08 145 145.2 0.958 143.2 156.8 143.2° Yes

mutiplier for municipal efffueni flow = 1
mutliplier for industrial effiuent flow = 1

‘Spokane Zn 1X NPDES (trec mass balance).xIs\Data 300 cfs', 4/23/98
Page 10of 3
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Spokane Rive

@tals Model: Zinc

Lake Coeur d’Alene Outlet at 300 cfs
NPDES Dischargers at Current Design Flows

Reach Mass Bal, Cak

Spokane River Modsl Reaches Aquifer/Tributary Inflow/Outflow
Check of
mass
batance
with
regression
Check of estimate of
mass 90%tile
balance diss. Zn al
Mass Mass with Mass RM 66
balance  balance regression Mass balance based on
hardness hardness  10Lh %tile batance  dissolved CH2M-
atup-  atdown- hardness dissotved Zn at down Hill's data
Spakans Inflow flowast  stream  siream from Znat stream  compilatio
River hardoass  Inflow Flowat  down- end of endof  Pellelior Ratioof wupstream endof nandlog-
mode) Down- nfowor (mg/Las dissolved  upsiream  stream reach reach 1894  dissolved/ endof reach after log cubic
reach  Up-stream  slream outflow  CaCOd) Zn{ugL) end of endof (mp/Las (mg/iLas (mg/las fotalrec. reach  complete regression
number  rivermile river mile (cfs) {2) 3) reach (cfs) reach (cfs) CaCO3) <CaCO3) CalO3) 2n {ugll)  mix {ug/l) (ug'L)(3)
0 - "7 Lk CDA Outlet (1) 300 20 267 - 300 - 200 na 0.988 - 287
1 1.7 1088 300 3og 200 238 na 0.988 26.7 0.2
2 1066 101.7 309 k)R] 238 245 na 0.986 302 309
3 1017 #6.0 Aquifar inflow/Outfiow 28.05 850 18 n 344 245 naAa na 0.988 309 314
4 96.0 9.0 Aquifer infow/Outflow 11.84 850 18 344 356 A 329 na 0.988 314 Mo
& 930 604 358 57 32.9 334 na 0.988 Nno 315
8 04 878 357 357 334 334 na 0.988 315 N5
7 878 853 Aquifsr Inflow 303.42 85.0 18 k3l 681 34 61.8 na 0.988 35 30,1
8 853 826 661 661 61.8 61.8 na 0.986 304 304
] 826 798 Aquifer Quiflow -256.20 na na 661 AN 61.8 63.1 na 0.986 304 321
10 798 78.0 Aquifer inflow 355.47 85.0 18 411 768 83.1 732 na 0,986 azd 254
1 780 ‘ 74.1 Aquifar Qutfow «A79.70 ns na 768 587 3.2 132 na 0.986 254 258
12 744 698 Hangman Cr + Aquifer  144.77 85.0 18 587 ™ 73.2 766 na 0.988 255 240
13 89.8 878 Aquifar Inflow 42.75 85.0 18 731 74 756 781 na 0.988 24.0 237
14 676 848 Aquiter Inflow 58.30 850 18 774 801 78.1 a9 na 0986 237 323 na
(1) dissalved zinc was estimaled to maat tha chroalc criteria at the Lake COA cutlat
{2) aquifer hardness assumad to be: 85 gyl as CaCO3 based on comparison of Petletier (1994) regression estimate of 10%tile
for station 54A120 with mass balance estimats. Lake CDA oulis! hardness asssumed to be 5%tlle 20 mp/L as CaCO3.
(3) aquifer diss Zn assumed fo bs: 18 ugfl. based on P of regressian estimate for diss Zn at RM 68 (CH2M-Hi, 1997)

with mass balance estimate for downslraam end reach.

'Spokans Zn 1X NPDES (rac mass balance).xis\Dala 300 cfs', 4/23/98
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Lake Coeur d Outlet at 300 cfs
NPDES Dischargers at Current Design Flows

Spokans River Modol Reaches NPDES Dischargars Actte Mixing Zons Boundary Chronic Mixing Zons Boundary Complets Mix

Meels
Mass chranic
Hardness balance  crilera

Ratio of Moets Ratfio of Meets at down- dissolved  after

Acute dissolvad/ acute Chranic dissolved/ chronic stream Zn at down complele

Spokane dilvtion  Hardness total rec. criteria at dilution  Hardness tola)rac, Dissolved critaria at and of sfream  mixat
River factor atacule Acute Pbat  Dissolvad  acute fsctor  alchroniz Chronic Pbat  Znconc. st chronic reach after  Acute Chronic  end of down-
modal Down- {stlowing boundary dissolved mixing Znconc.al mixing (allowing boundary disso! L d mixing chironic mixing p dissolvad dissolved reach afler stream
reach  Up-siream  stream 25%of (mglas Zncriteria  zone aculy one 25%of (mg/las Zncrileia  zone  boundary  zone mix {mg/l Zncriteria Zncriteria complele  end of
number  rivarmile river mile river low) CaCO3) (ugl) b jary boundary boundary?  riverlow) CaCO3)  (ugil) boundary (upl) dary? asCaCO3) (uglt) (ugll)  mix (ugll) reach?

0 - 11.7 20.0 293 28.7 267 Yes

1 11.7 1066 Cily of Cosur dAlene AWTP 181 891 103.8 0.978 904 Yes 9.08 38 41.7 0.988 398 Yes 238 339 309 30.2 Yes

2 1088 10,7 Hayden Area RSBPOTW 4.84 488 823 04918 §3.1 Yes 3944 268 M43 0.988 33 Yes 245 348 318 ang Yes

3 101.7 96.0 City of Post Falls & Rathdrum FOTW 262 705 854 0.978 734 Yas 17.23 315 39.3 0.988 3rs Yes 3 428 38.9 314 Yes

4 96.0 230 329 4.7 408 31.0 Yes

5 93.0 0.4 Libery Lake POTW 875 49.5 63.1 04978 472 Yes 58.51 48 428 0.988 329 Yes 334 452 413 318 Yes

6 904 818 334 452 413 315 | Yes

7 8rs 853 Kaiser Aluminum IWTP 122 104.2 1135 0.978 1048 Yes a2 60.2 88.0 0.988 595 Yes 61.8 76.1 69.5 30.1 Yes

8 85.3 828 61.8 76.1 69.5 304 Yes

9 826 78 Infand Empire Paper Co IWTP 387 845 99.2 0.978 60.4 Yes 21.70 64.8 724 0.985 34.2 Yes 63.1 774 70.7 321 Yes

10 798 78.0 732 87.9 803 254 Yes

.41 780 741 . . . 73.2 879 803 258 Yes

12 741 69.8 758 90.3 82.4 240 Yes
13 898 876 6.1 908 829 n7 Yes |

14 676 84.6 City of Spokane AWTP 1.28 129.7 1427 0.978 1158 Yes 3.84 940 99.2 0.985 54.8 Yes 819 966 89.2 323 Yos

'Spokans Zn 1X NPDES (rec mass balance).xis\Dats 300 cfs', 4123198
Page30f3
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Spokane Rive‘tals Model: Zinc
Lake Coeur d'Alene Outlet at 2,000 cfs
NPDES Dischargers at Current Design Flows

pokans River Mods! Raachas Effuen! Characlerislics
Spokana Efftuent
River ratio of Acule  Chronic  Effluent
madel Down- Hardness lved dissolved dissclved meels end
reach  Up-stream  slream (mglLas Tolalrec, ofalrec. Dissolved 2Zncriloria Zncriteria  of-pipe
number  river mils  rivar mmile Flow {mgd) Flow (cfs) €aCO3) Zn (ug/l} 2n  Zn(ugll) (ugil) (gl  criteria?
0 - e Leke Coeur d'Alene Outlet
1 117 1066 City of Coeur d'Alans AWTP [} 9.28 145 145.2 0.988 143.2 156.8 1432 Yos
2 108.6 101.7 Hayden Area RSB POTW 13 201 145 145.2 0.988 143.2 158.8 143.2 Yos
3 101.7 96.0 City of Post Falis & Rathdrum POTW a i 4.80 145 145.2 0.968 143.2 156.8 143.2 Yeos
4 96.01 93.0
5 930 90.4 Liberty Lake POTW 1 1.55 145 145.2 0.986 143.2 156.8 1432 Yos
8 904 878
7 87.8 853 Kaiser Aluminum IWTP 83 38,05 120 1237 0.988 1220 1338 1220 Yes
8 85.3 828
9 826 798 Infand Empire Paper Co IWTP 4 6.19 145 145.2 0.988 143.2 166.8 143.2 Yeos
10 798 780
i 78.0 T4
12 741 69.8
13 69.8 878
14 678 646 City of Spokans AWTP 44 68.08 145 145.2 0.986 1432 156.8 143.2 Yes
multiplier for municipal efffuant flow = 1
mubtipfier for industrial efMuant flow = 1
\
‘Spokens Zn 1X NPDES (rac mass balance) xIs\Data 2000 cfs’, 4/30/98
Page 10f3
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Lake Coeur d‘/’ Outlet at 2,000 cfs
NPDES Discharger®®at Current Design Flows

Spokans River Moda! Reaches Aquifer/Tribulary Inflaw/Qutiiow Reach Mass Balance C
Check of
mass
balance
with
regression
Check of eslimats of
mass 90%tila
balance diss. Zn at
Mass Mass with Mass RM 66
balance  balance regression Mass balanca  based on
hardness hardness  10th %tile balance dissolved CH2M-
supe  atdown- hardness dissolved Zn al down Hil's data
Spokane inflow Flowat  stroam stream from Zn at siream  compilatio
River hardness  Inflow Flow at down- end of endof  Pelletier Ratioof upsiream endof nandlog-
modsl Down- Inflowar  (mg/L as  dissolved upsiream  sfream raach reach 1994  dissolved/ endol reach after log cuble

reach  Up-sttsam  siream
number  river mila river mite

outflow  CeCO3)  2Zn (ugll) end of endof (mplLas (mg/Las (mg/Las totalrac. reach  complete regression

0

1

11.7
1088
0.7
96.0
93.0
904
87.8
853
828
798
780
744
69.8
618

117
1086
101.7
8.0
83.0
804

87.8

853
828
798
78.0
4.1

69.8
878

646

(cfs) 2) {3 reach (cfs) reach (cfs) CaCO3) CaCO3) CaCO3) Zn (ug/l)  mix (ugll) (ug/L) (3)
Lk CDA Outlet (1) 2,000 20 28.7 - 2,000 - 200 na 0988 - 28.7
2,000 2,009 200 208 na 0.986 287 273
2,009 2,01¢ 208 207 na 0.986 273 7.4
Aquifer inflow/Outffow -25.21 o na 2001 1,984 0.7 210 na 0.968 274 i
Aquifer Inflow/Outifow -10.64 na na 1,991 1,980 2.0 210 na 0.986 277 27
1,980 1,982 210 211 na 0.986 277 278
1,982 1,982 211 219 na 0.986 278 218
Aguifer inflow 385.30 85.0 18 1,846 2,387 2111 330 na 0.986 278 278
2,387 2387 330 33.0 na 0.958 276 216
Aquifer Outflow -256.20 na o 2,367 2117 33.0 333 na 0.9688 276 219
Aquiter Inffow 451.40 85.0 18 2117 2,568 333 424 na 0.988 279 26.2
Aquifer Outflow -179.70 a 1 2,568 2389 424 424 na 0.988 282 262
Hangman Cr + Aquifsr  178.40 85.0 18 2,389 2,587 424 454 na 0.988 26.2 256
Aquiler inflow 4275 85.0 16 2,567 2810 454 46.0 na 0.986 258 255
Aquifer inflow 58,30 85.0 18 2810 2,738 46.0 493 na 0.986 255 28.2

(1) dissolved zinc was estimated to meat the chronic criteria at the Lake CDA oullet

{2) aquifer hardness sssumad to be:

{3) aquifer diss Zn assumed {o be:
with mass balance sstimats for downstream end reach.

18

ugl/L based on

of

mg/L as CaCO3 based on comparison of Palietier {1694) regression astimata of 10%tile
for station 54A120 with mass balance estimate. Lake CDA outlet harditess asssumed to ba 5%file 20 mg/l. as CaCO3.

timate for diss Zn al RM 66 (CH2M-HIll, 1997)

‘Spokans Zn 1X NPDES (irac mass balance).xIs\Data 2000 cfs', 4/30/98
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Spokane Riven&tals Model: Zinc

Lake Coeur d'Alene QOutlet at 2,000 cfs
NPDES Dischargers at Current Design Flows

Spokane River Model Reaches NPDES Disch Acute Mixing Zone Boundary Chropic Mixing Zone B Y Complate Mix
Mests
Mass chronic
Hardness balance  criteria
Ratio of Moels Ralio of Meets at down- dissolved  after
Acule dissolved/ acute Chronic dissclved/ chronic stream Zn aldown complele
Spokane dilution  Hardness tolal rec. critaria at dilution Hardness totalrec. Dissolved critaria at end of stream mix at
River faclor  atacute cute Pbal  Dissolved acule factor  atchronic  Chronic Pbat  Znconc.at chronic reach aftler  Acule Chronic  end of down-
modal Down- (allowing t y dissolved mixing Znconc.at mixing (allowing y dissolved mixing  chronic  mixing pl dissolved dissol reach afler  slream
reach  Up-siream  stream 25%of  (mgilas Zncriteris  zane acute zone 25%0of (mg/Las Zncileria  zone  boundary  zone mix (mg/l. Zncriteria 2n criferia  complete  end of
number  river mile river mile river flow) CaCO3)  (ug/) boundmy boundary boundary?  riverflow) CaCO3)  (ugll) boundamry  (ug/l) boundary? asCaCO3) (ugll) {ug/l) mix (ugll) reach?
0 - "7 ' 200 203 27 287 Yes
1 1Ly 1086 City of Cosur d'Alsne AWTP 8.39 3968 52.2 0.878 446 Yes 5488 223 283 0.988 288 Yos 208 300 274 273 Yes
2 1086 1017 Hayden Ares RSB POTW 2697 25.4 358 0978 35 Yes 250.14 214 219 0,088 27 Yes 207 301 275 274 Yes
3 1047 860 City of Post Falis & Ralhdrum POTW 1148 s 43.0 0.978 37.2 Yes 10584 219 208 0.988 285 Yeos 210 305 219 217 Yes
4 6.0 93.0 210 305 219 217 Yes
§ 93.0 90.4 Liberty Lake POTW 33.00 248 35.4 0.978 30.9 Yas 32098 214 28,3 0.988 280 Yes 211 306 280 278 Yes
8 90.4 878 211 3086 280 278 Yes
7 878 853 Kaiser Aluminum IWTP 235 83.2 e 0.978 87.3 Yos 14.49 279 35.5 0.968 343 Yas 330 447 40.9 278 Yes
8 85.3 828 330 44.7 409 278 Yes
9 828 798 Inland Empire Papsr Co INTP 10.58 438 58.7 0.978 382 Yes 06.62 342 421 0.988 288 Yes 33.3 45.1 4.2 279 Yes
10 798 780 ‘ 24 553 505 262 Yes
n 780 749 . . 424 55.3 505 262 Yes
12 741 69.8 454 586 538 256 Yes
13 69.8 6786 46.0 §9.3 54,1 25.5 Yes
14 67.68 646 City of Spokana AWTP 1.98 966 ERER 0.978 84.9 Yes 10.58 554 633 0.988 38.6 Yos 493 62.9 574 282 Yas
‘Spokane Zn 1X NPDES (frec mass balance).xIs\Data 2000 ¢fs', 4/30/98
Pagedof3
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Lake Coeur d'Ag)utlet at 20,000 cfs
NPDES DischargerS at Current Design Flows

Efflyant C foristics

Spokane River Model Reaches

Spokane
River
modal Down-
reach  Up-stream  siraam

Effluent
rafio of Acule Chronie

dizeolvedit i |

Effluent
Hardness meets end
(mg/l.as  Tolalrec. otalrec. Dissolved Zn criteria Zn criteria  of-pipe

number  rvivermile  siver mils Flow (mgd) Flow (cfs) CaCO)  Zn{ugll) Zn 2 (ugily (ugil) (ugit) criteria?
0 - 1"y Laks Coeur d'Alene Outlst
1 1.7 1066 City of Cosur d'Afene AWTF [ 9.28 145 1452 0.988 1432 156.8 143.2 Yes
. 2 10868 1017 Hayden Ares RS8 POTW 13 20t 145 145.2 0.988 1432 1568 1432 Yes
3 101.7 9.0 City of Post Falis & Rathdrum FOTW 3 4.60 145 145.2 0.988 143.2 156.8 143.2 Yes
? 4 96.0 93.0
Lo
W 5 9310 804 Liberty Lake POTW 1 155 145 1452 0.988 1432 156.8 1432 Yes
8 804 87.8
7 87.8 85.3 Kaiser Alumioum WTP 233 38.05 120 123.7 0.986 1220 1338 1220 Yes
8 85.3 826
8 826 79.8 Infand Empire Faper Co IWTP 4 8.19 145 145.2 0.988 143.2 156.8 1432 Yos
10 79.8 78.0
19 180 744
12 4.1 69.8
13 69.8 678
14 678 648 City of Spokane AWTP 4 85.08 145 145.2 0.988 1432 1568 143.2 Yes

muliplier for municipal effuent flow = 1
muliplier for industrie! eMusnt flow = 1
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Spokane Riven&tals Model: Zinc
Lake Coeur d'Alene Qutlet at 20,000 cfs
NPDES Dischargers at Current Design Flows

Chack of
mass
balance
with
regression
astimats of
S0%tile
diss. Zn at
RM 68
based on

stream  compilatio

n and log-

reach after log cubic

complets regrassion
mix (uglt) (ugit) (3)

na

pokane River Mode! Reaches Aquiler/Tributmry Inflow/Outflow Reach Mass Balance Calculations
Check of
mass
balance
Mass Wass with fAass
balance  balance regression Mass balance
hardness  hardnass 10th %lile balance dissolved CH2M-
. alup-  aldown- hardnoss dissolved Zn atdown Hill's data
Spokans Infow Flowat  stream  slream from Zaat
Rivar hardness  Inflow Flowst  down- end of endaf  Pelletisr Ratioof upstresm  endof
mode! Down- Inflowor (mg/Las  dissolved upsiream  stream reach reach 1994  dissolved/ endof
reach  Up-stream  stream outfflew  CaCO3) Zn (ugll) end of endof (mp/las (mglhas (mg/Las Ilotalrec.  reach
number river mile river mile {cfs) [¢4] 3) reach (cfs) reach (cfs) CaCO3) CaCQ3) CaCO3) Zn {ugll)
0 - 1.7 Lk CDA Qutlet (1) 20,000 20 28.7 - 20,000 - 200 na 0.986 - 26.7
] 117 1088 20,000 20,009 200 201 na 0.988 28,7 26,8
2 106.8 1017 20,009 20,011 20.1 204 na 0.986 268 268
3 101.7 6.0 Aquifer Inflow/Qutflow -88.04 na na 20,011 19,928 201 20.1 ns 0.988 288 268
4 96.0 93.0 Aquifer Inflow/utflow ~37.08 na na 19,928 19,891 20.1 201 na 0.986 268 268
5 930 904 19,891 19,803 20.1 204 na 0.988 268 268
8 804 878 19,893 19,893 204 204 na 0.988 268 28.8
7 878 85.3 Aquifer Inflow 481.64 85.0 18 19,857 20,374 204 218 na 0.988 2688 288
8 853 8268 20,374 20374 2.8 218 na 0.986 268 268
9 828 798 Aquifer Outflow -256.20 na na 20374 20,924 21.8 219 na 0.988 26.8 268
10 798 78.0 Aquifer Inflow £64.25 850 18 20,924 20688 219 236 na 0.988 268 266
1" 78.0 741 Aquifer Outftow -179.70 na na 20,668 20,509 238 238 na 0.988 2886 268
12 741 69.8 Hangman Cr + Aquiler  211.97 850 18 20,509 20,727 238 24.2 na 0.986 266 26.5
173 69.8 678 Agquifer Inflow 4275 85.0 18 20,727 20,769 24.2 244 na 0.986 265 265
14 a76 648 Agquifer inflow 58,30 85.0 18 20,769 20,898 244 249 na 0.986 26.5 268
(1) dissolved zinc was eslimated to meel the chronic criteria al the Lake CDA oullst
(2) aquiler hardness assumed {o be: 85 mg/L as CaCO3 based on comparison of Pellatiar (1994) regrassion astimate of 10%tile

for station 54A120 with mass balance estimale. Lake CDA cullel hardness asssumad lo be 5%tile 20 my/l, as CaCO3.
(3) aquifer diss Zn assumead to ba: 18  up/L based on comparison of regressi
with mass balance estimale for downstresm end resch.

‘Spokane Zn tX NPDES (trec mass balence).xis\Data 20000 cfs', 4/30/98
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Lake Coeur d' Outlet at 20,000 cfs
NPDES Dischargers at Current Design Flows
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__Spokans River Model Reach, NPOES Disch Acute Mixing Zone Bovndary Chronie Mixing Zons Boundary Complate Mix
Meals
- Mass chronic
Hardness balancs  criteria
Ratio of Maets Ratio of Muoets at down- dissolved  after
Acute dissolved/ acule Chronic dissolvad/ chronic stream 2Zn at down complete
Spokans ditution  Hardness tolal rac. critaria at ditution  Hardness tolalrec. Dissolved criteria at end of siraam mix al
River factor  atacute  Acule Phat  Dissolved  acute factor  alchronic Chronic Pbat Znconc. at chronic reach after  Acule Chronic  end of down-
model Down. (allowing boundary dissolved mixing Znconc.at mixing (allowing boundary dissolved  mixing chronic  mixing it di dissolved reach afler stream
reach  Up-slream siream 25%of  (mg/lLas Zncriteria  zone acute - zone 25%af  (mg/Las Zncriteria  zone  boundary  zone mix (mg/l. Zncrileria Zncriteria complate  end of
numbar  civer mile  river mile rvarflow) CaCO3)  (ugl)  boundary y ¢ y? tverflaw) CaCO3)  (ug/l) boundary (ugil) boundary? asCaCO3) (ugil) (u/t)  mix (ugll)  reach?
0 - mz ‘ 200 293 287 267 Yes
1 1.7 108.8 City of Cosur d'Alans AWTP 54.68 223 324 0.978 286 Yas §30.81 202 270 0.986 26.9 Yos 20.1 293 268 26.8 Yes
2 106.6 101.7 Hayden Ares RSB POTW 249,70 208 300 0978 270 Yas 2438.03 20.4 26.8 0.988 26.8 Yes 201 294 26,8 26,8 Yes
3 101.7 06.0 City of Post Falls & Rathdrum POTW 105.31 213 308 0.978 217 i Yas 1044.08 20.2 26.9 0.986 289 Yes 201 294 268 26,8 Yes
4 96.0 93.0 20.1 20.4 268 26,8 Yes
5 93.0 904 Liberty Lake POTW 32240 205 200 0978 210 \(u 3504 204 26.9 0.988 26.9 Yes 20,1 294 26.8 26,8 Yas
[] 40.4 878 204 29.4 268 26.8 Yes
7 7.8 853 Kaiser Aluminum IWTP 1477 289 e 0978 3.0 Yeos 138.70 208 a7 0.986 275 Yes 218 NS B8 26.8 Yos
8 853 828 218 31.5 28.8 26.8 Yes
9 8286 798 Intand Empirs Paper Co IWTP 8330 233 33 0.878 280 " Yes 824.03 220 289 0.988 289 Yas 2t - 316 288 268 Yes
10 798 780 ? 236 338 27 266  Yes
11 780 744 2286 336 307 268 Yes
12 744 69.8 242 M4 34 265 Yes
13 69.8 878 24.4 346 ne 26.5 Yes
14 876 64.6 City of Spekane AWTP 863 38.3 60.8 0978 39.7 - Yo 71.27 259 333 0.986 280 Yos 24.9 353 322 268 Yos
‘Spokane Zn $X NPDES (trec mass balance).xis\Data 20000 cfs', 4/130/98
Page3of3
;
: 1 ey 'd
L] (T



Appendix E




' Appendix E. Comparison of alternative formulas for calculating WLAs for total recoverable Pb.
. WLA for total recoverable Pb = dissolved tangent / conversion factor
) Hardness WLAS for totai recoverable Pb:
dissolved tangent/ conversion factor conversion dissolved totalrec dissolved  dissolved Pb B
WLA = {0.02378{hardness}-0.05505)/ factor Pb Pb Pb exceeds =
{1.46203{{LN(hardness)}*{0.145712))) =(1.46203- criteria =WLA =WLA* chronic
-{(LN(hardness)) equation conversion criterion?
*(0.145712))) factor
{(mg/L as CaCO3) (ug/L} (ugiLy {uglt) ugil)
l Effluent: 150 4798 0.732 3.802 4.80 3.51 No
River: 20 1.000 0.410 0.41 0.41 No .
Hypothetical mixed concentration of river and effluent . l
dilution= 2 <— violates if DF>2
85 0.815 2.108 2.60 2.12 Yes
WLA for total recoverable Pb = total recoverable tangent
Hardness WLAS for total recoverable Pb:
. total recoverable tangent conversion dissolved total rec dissolved dissoived Pb
WLA = (0.0261*(Hardness)-0.1119) factor Pb Pb Pb exceeds
=(1.46203- criteria = = . chronic
~({LN(hardness)) equation conversion criterion? -
*(0.145712)) factor
{mgA. as CaCO3} {ugiL) {ugiL) {uglL) (ugiL)
.uent: 150 3.803 0.732 3.902 3.80 278 No
River: 20 1.000 0.410 0.41 0.41 No
Hypothetical mixed concentration of river and effiuent
l dilution= 2 <--- meets criteria at ail dilution factors kd
-l
85 081s 2.108 211 1.72 No

WLA for total recoverable Pb = dissolved tangent {effluent conversion factor = 1)

Hardness WLAs for total recoverable Pb:
dissolved tangent conversion dissoived {otal rec dissolved dissoived Pb
WLA = (0.02378(hardness)-0.05505) factor Pb Pb Pb exceeds
=1 criteria =WLA =WLA" chronic i
equation conversion criterion? e
factor .o
(mg/L as CaCOg3) (ugriL) (ugit) (ugll) (uglt)
Effiuent: 150 3512 1.000 3.802 3.51 3.51 No
River: 20 . 1.000 0.410 0.41 0.41 No
Hypothetical mixed concentration of river and effivent
dilution= 2 <-- meets criteria at all dilution factors
L
85 0.815 2.108 1.96 1.60 No -

Metals Criteria xisthypothetical Pb, 4/29/98
E-1
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Appendix F. Spreadsheet for calculation of WLAs and permit limits for total recoverable Cd, Pb, and Zn for NPDES dischargers to
the Spokane River. The input values are for the example described in the text for the Spokane AWTP.

Cd Ph Zn
Potential limits based on meeting the aquatic life criteria at effluent hardness
1. Effluent hardness 5th percentile {mg/L as CaCO3): 138 138 138
2. Chronic aquatic life criteria for dissolved metals (ug/L) .31 3.23 137
3. Ratio of total recoverable / dissolved metals 1.12 - 1.01
4. Chronic aquatic life criteria for total recoverable metals (ug/L) 1.46 3.49 139
.lumber of samples (n2) required per month for compliance monitoring: 2 2 2
6. Coefficient of variation for effluent total recoverable metals: 0.431 0.335 0.283
7. Calculated limits using the equations in Box 5-2 of the 1991 TSD
Z statistic for water quality-based LTA derivation (99%tile): 2.3263 2.3263 2.3263
Z-statistic for water quality-based daily maximum permit limit (99%tile): 2.3263 2.3263 2.3263
Z statistic for water quality-based monthly average permit limit (95%tile): 1.64498 1.6449 1.8448
number of days (n1) for averageing of chronic aquatic life criteria: 4 4 4
ch2: 0.170385 0.106363 0.077043
o*2-n1; 0.045394 0.027670 0.019824
LTA for chronic (n1-day) aquatic life criteria: 0.91 2.4 101
oh2-n2: 0.088817 0.054595 0.039264
Maximum Daily Limit (ug/L): 22 4.9 186
Average Monthly Limit (ug/L): 1.4 34 138
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Appendix G. Formulas for the Microsoft Excel spreadsheet for calculation of WLAs and permit limits for total recoverable.Cd, Pb, and Zn for NPDES dischargers to the Spokane River. The inpu
values are for the example described in the text for the Spokane AWTP.

1
2]
3 cd Pb Zn
4
| 5 |1, Potential limifs based on meeting the aquatic ife criteria st effiuent hardness
8
| 7 11 Effluent hardness Sth percontite (mg/l as CaCO3) 138 138 138
8
| 9 ] 2 Chronic aquatic fife crdesin for dissolved metals (ugl) =(4.101872-({LN(B7))*(0 0410380 EXP(0 7852°(LN(B7))-3 49) =0 02378*C7-0 05505 =0 986 EXP(0 8473°(LN{D7H+0 7614)
10
|~
| $113 Ratio of 1otal recoverabie / dissolved metals =1 HHB72-((LN{B?))°(0 041838})) - =1/0 988
12 N
G') | 1314 Chronic aquatic e criteria for total recovarable melals {ug/l.) =898 =0 0261°C7.0 1119 =090
14
= [ 1585 Number of semples (n2) requived per month for comphance monitaring 2 2 2
18
| 1716 Coefficiant of variation for effiuent metats (use 0 8 if data are niot avaitable). [Xx}] 0.335 0283
18
| 1917 Cakutated imis using the equations in Box 52 of the 1991 TSD
| 20]  Z statslic for wate: quatiy-based LTA derivation (99%Mle) 23263 23283 23283
| 211 Z-statistic for water quaity-based daily maximum perme bmet (S9%tile} 23283 23283 23283
| 22)  Z statistic for water quatty-based monthly average permit imit (35%tile) 16449 168449 16449
| 23]  number of days (n1) for averageing of chronic aqualic ife criefia 4 L] 4
j 24 o%2 H{B1T42+ 1) SLHCATA2+ ) =LN{DITA2e )
| 258 o*2ant UN((B17°2/823)+1) sLN(ICAT42/C23)41) =LN{D1772/D23)¢1)
| 261 LYA for chronic (n1-day) aquatic ke citaria =B1I"EXP(0 5°B25-B20*SART(B25)) =C13'EXP{0 5*C25-C20°SORT{C25)} =DI3*EXP{0 5°D25-D20°SART{D25))
| 271] a*2m2 =LN((1TA2B15)+ 1} SLNCATA2CI5) 4 1) =LN{{DA7*2/D15)+1)
| 28F  Maxwnum Daily Limnt (ught) =826"EXP(B21*SQRT(B24)-0 5°'D24}) =C28°EXP(C21*SQRT(C24)-0 5°C24) =D26*EXP{021*SQRT(D24}-0 5'D24}
} 291  Avarage Monthly Lima {ug/L} =P EXP(B22°SQART(B27)-0 5°027) =C28°EXP(C22°8QRT(C27)-0 5°C27) =D26'EXP(D22°SQRT(DA7).0 5:D27)
30

<
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